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PREFACE  TO  THE  FIRST  EDITION, 


A  telegraph  structure  must  fulfil  two  distinct  sets  of  condi- 
tions, the  Mechanical  and  the  Electrical.  On  the  subject  of 
the  latter  there  are  many  special  Treatises,  on  the  former  this 
book  is  the  first  of  its  kind.  The  special  Treatises  on  Telegraphy, 
■with  the  exception  of  that  of  M.  Blavier,  do  not  treat  of 
Meehanical  principles,  these  being  very  justly  regarded  as  dis- 
tinct from  the  Electrical  conditions,  and  their  full  exposition  as 
out  of  place  in  a  Treatise  on  the  application  of  Electricity. 
Although  the  Mechanical  principles  and  practice  are  common 
to  other  structures  than  Telegraphs,  the  particular  case  of  a 
Telegraph  structure  requires  separate  treatment ;  for  some  of 
the  materials  employed  and  the  functions  of  the  structure  are 
peculiar  to  Telegraph  structures. 

In  no  branch  are  the  requirements  of  the  Telegraph  Engineer 
co-extensive  with  those  of  the  Civil  Engineer.  Telegraph 
Engineering  has  several  branches,  as  mast  building,  cable  laying, 
&c,  not  pertaining  to  Civil  Engineering,  and  Civil  Engineering, 
again,  includes  many  branches,  as  tunnelling,  roads,  railways, 
drainage,  water  supply,  bridge  building,  &c,  of  no  concern 
to  the  Telegraph  Engineer.  As  examples  may  be  instanced 
carpentry,  brickwork,  masonry,  and  earthwork  : — the  Telegraph 
Engineer  has  to  join  timbers  in  different  ways,  to  make  simple 
trusses,  to  build  masts,  &c. ;  but  he  is  not  concerned  with  very 
complex  frames,  roofs,  &c,  and  is  not  called  upon  to  execute 
extensive  works  in  brick  or  out  stone.  On  the  other  hand,  it 
is  necessary  that  he  should  know  the  principles  on  which  such 
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are  built,  to  enable  him  to  construct  plinths  of  stone  and  of 
brick  with  stone  copes,  and  to  fasten  posts,  cantilevers,  &c,  on 
and  in  work  built  by  others.  The  ordinary  mode  of  embanking 
employed  by  the  Engineer  is  inadmissible  in  Telegraph  Engineer- 
ing, for  in  the  latter  case  the  bank  is  always  small  in  content, 
and  is  required  to  be  of  the  best  possible  quality ;  the  deepest 
excavation  the  Telegraph  Engineer  has  to  make  seldom  exceeds 
12  feet,  but  it  has  frequently  to  be  made  in  bad  soil,  on  the 
edge  of  a  river,  and  with  very  indifferent  appliances.  In 
general,  when  the  Telegraph  Engineer  has  difficult  work  to 
perform,  the  cost  of  the  work  and  the  distance  over  which  it  is 
distributed  are  such  that  the  appliances  commonly  used  by  the 
Civil  Engineer  are  not  available;  hence  the  great  importance  of 
a  knowledge  of  principles  in  order  to  admit  of  the  means  at 
command  being  duly  utilised,  and  the  work  carried  out  with 
safety,  economy,  and  rapidity.  I  have  dealt  particularly  with 
principles,  because,  these  being  known,  the  manner  of  their 
application  must  depend  in  a  great  measure  on  local  circum- 
stances. I  hope  the  general  adherence  to  this  plan  may  render 
the  work  useful  to  the  several  Administrations,  however  widely 
their  praotice  may  differ,  and  the  Paragraphs,  being  numbered, 
may  be  readily  referred  to  in  official  instructions. 

While  thus  assigning  a  prominent  place  to  General  Principles, 
I  trust  it  will  be  found  that  the  practical  part  of  the  subject  has 
not  been  neglected,  since  I  have  endeavoured  to  supplement  my 
own  experience  gained  in  India  by  a  minute  examination  of  the 
Telegraph  systems  of  France  and  England,  and  of  the  principal 
processes  of  manufacture.  I  am  indebted  to  the  Director- 
General  of  Telegraphs  in  India  for  permission  to  use  the 
official  orders,  &c,  of  his  Department,  to  the  Secretary  to 
the  Postal  Department  in  England,  and  to  the  Director-in-Chief 
of  the  French  Administration.  My  thanks  are  due  to  the  Engi- 
neers of  the  English  and  French  Administrations  for  their 
assistance,   and   also  to    several   Engineering   firms    for  infor- 


niation  and  facilities  for  observing  processes  and  operations  as 
actually  carried  on  at  present,  in  particular  to  Messrs.  Siemens, 
Brothers,  Messrs.  Hooper  &  Co.,  Mr.  Henly,  and  Messrs.  Laird, 
Brothers. 

In  writing  the  articles  on  Statics,  Dynamics,  Force,  and 
Equilibrium  and  Stability,  I  have  used  the  works  of  Baker, 
Blavier,  Gregory  Goodwin,  Moseley,  Poncelet,  Poisson,  Poinsot, 
Bankine,  Stoney,  Sheilds,  Todhunter,  Thomson  and  Tait,  Weis- 
bach,  "Whewell,  Warr,  ftnd  T.  Young.  In  the  section  on  Friction 
I  have  referred  to  the  works  of  Morin  and  Jellett  in  addition. 
In  the  chapter  on  the  Strength  of  Materials  I  have  used 
principally  the  labours,  literary  and  experimental,  of  Ander- 
son, Barlow,  Clay,  Fairbairn,  Hodgkinson,  Tredgold,  Kirkaldy, 
Morin,  Navier,  Gauthey,  Poncelet,  Prud'homme,  Bankine, 
Bondelet,  Vicat,  and  Pasley.  For  the  chapter  on  Wood  I  have 
referred  principally  to  the  works  of  Tredgold,  Tarbuck,  Nicholson, 
and  Newland.  I  am  indebted  to  Mr.  Kipping's  work  for  much 
information  on  "Wooden  Masts,  and  to  the  works  of  Grantham 
and  Beed  for  some  hints  on  Mast  Building  in  Iron.  On 
Iron  Construction  I  have  referred  to  the  works  of  Fairbairn, 
E.  Clark,  Campin,  Kirkaldy,  Tredgold,  Hodgkinson,  Clay, 
Morin,  Bankine,  Sheilds,  Unwim,  Truran,  W.  Vos  Picket,  and 
others.  For  the  chapter  on  Insulators  I  have  used  the  articles 
in  the  Chemical  Dictionaries  of  Watts  and  Wurtz,  the  volume 
by  M.  P.  Desmoreux  in  the  Ency.  Eoret,  the  Dictionaries  of  Ure 
and  Tomlinson,  the  Becords  of  the  Patents  Office,  the  Beport 
of  the  Committee  on  Cables,  &c.  For  references  on  Botany  I 
have  used  Professor  Balfour's  works.  The  section  on  Estimat- 
ing is  in  general  terms  that  employed  in  India.  It  was  devised  by 
accountants  and  executive  officials  on  consultation,  and  appears  ad- 
mirably suited  to  the  purposes  for  which  such  a  system  is  required. 
For  the  section  on  the  lifting  of  Heavy  Bodies  I  have  referred 
to  Mr.  Glyn's  book  on  Cranes,  and  for  the  section  on  Mechanical 
Manipulation  to  Mr.  Holtzapffel's  work  on  the  subject.     I  have 
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preferred  ordinary  language  to  Mathematical  Formulae  whenever 
applicable.  I  have  referred  to  many  general  works  on  Engineer- 
ing, as  D.  Stevenson  on  Engineering  in  N.  America,  the  works 
of  Mr.  'W.  Humber,  the  Dictionaries  and  Cyclopaedias  of  Spon. 
Appleton,  Nicholson,  and  Cresy;  the  Encyclopaedias  Britannica 
and  Metropolitana,  Nichol's  Cyclopaedia,  and  the  English  Cyclo- 
paedia. I  have  used  several  Engineers'  Handbooks,  the  "  Engin- 
eering "  Journal,  and  am  much  indebted  to  the  Journal  of  the 
Society  of  Telegraph  Engineers,  in  particular  to  a  resume1  on 
Cables  by  Professor  Fleeming-Jenkin.  I  have  referred  to  several 
official  pamphlets  by  Captain  Mallock,  and -to  Mr.  Cappet's 
report  on  the  Prussian  Telegraphs. 

J.  CHRISTIE  DOUGLAS. 


London,  November,  1874. 


NOTE  TO  THE  SECOND  EDITION. 

In  the  present  Edition  the  author  has  endeavoured  to  furnish 
such  additional  information  as  the  progress  of  Science  has 
rendered  necessary  since  the  first  publication  of  the  work;  and 
has  added  a  copious  Index,  which  he  trusts  will  be  found  useful. 
The  new  matter  in  the  Appendices  is  based  on  data  gathered 
from  many  different  sources,  official  and  private.  The  particulars 
of  the  Underground  Line  between  Berlin  and  Halle  were  oblig- 
ingly supplied  by  the  Direction  of  the  Imperial  Telegraph  Depart- 
ment, and  many  details  of  the  Indian  Biver  Crossings  by  Major 
J.  Eckford,  Officiating  Director  of  Construction,  to  whom,  as 
well  as  to  all  who  have  kindly  assisted  him  in  rendering  his 
work  more  complete,  the  author's  best  thanks  are  due. 

Calcutta,  August,  1877. 
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PART  I. 
GENERAL  PRINCIPLES  OF  STRENGTH  AND  STABILITY. 


CHAPTER  I. 

FORCES,  COUPLES,  AND  WORK. 

Section  I. —  Units  of  Force — Forces  and  Couples  considered 
Statically. 

1.  Force  is  an  action  between  two  bodies,  either  causing  or 
tending  to  cause,  change  in  their  relative  rest  or  motion.  The 
direction  of  a  force  is  that  of  the  motion  it  tends  to  produce. 
Two  forces  are  equal  when  being  applied  to  the  same  body  in 
opposite  directions,  their  combined  action  produces  no  change  in 
its  rest  or  motion ;  when  two  or  more  forces  acting  on  a  body 
simultaneously  produce  no  such  change,  the  forces  are  said  to  be 
in  equilibrio  or  balanced.  The  relations  of  a  force  to  one  of  the 
bodies  between  which  it  acts  is  made  known  when  three  con- 
ditions respecting  it  are  given — viz.,  the  point  of  application  or" 
part  of  the  body  to  which  it  is  applied,  the  direction  of  its 
action,  and  its  magnitude.  When  motion  is  not  actually  pro- 
duced, but  the  forces  are  balanced,  they  are  the  subject  of 
Statics  ;  when  the  motion  is  actually  produced,  or  its  pro- 
duction contemplated,  the  forces  form  the  subject  of  Dyna- 
mics. Statics  and  dynamics  are  abstract  mathematical  sciences; 
and  therefore,  to  attain  rigidity  and  simplicity  in  demonstration, 
it  is  necessary  to  assume  conditions  which  have  no  existence  in 
fact ;  thus,  bodies  are  assumed  to  be  absolutely  rigid  and  (unless 
otherwise  stated)  to  be  without  weight,  cords  are  assumed  to 
be  perfectly  flexible  and  inextensible,  and  forces  are  assumed  to 
act  on  mathematical  points  and  in  mathematical  lines.  As  in 
considering  balanced  forces  velocity  and  time  have  not  to  be 
considered,  statics*  is  simpler  than  dynamics,  and  is  hence  pro- 
perly considered  earlier.  The  mechanical  principles  involved  in 
the  efficiency  and  permanence  of  engineering  structures  mostly 
refer  to  balanced  forces,  but  knowledge  of  the  principles  of 
dynamics  is  essential  to  render  intelligible  the. effects  of  motion 
in  producing  shocks,  the  measurement  of  forces,  &c. 
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2.  The  statical  measure  of  a  force  is  another  force  which  will 
balance  it ;  the  dynamical  measure  is  the  quantity  of  motion  it 
produces,  or  tends  to  produce,  in  a  unit  of  time.  A  unit  force  is 
that  force  which,  acting  on  a  national  standard  unit  of  matter 
during  the  unit  of  time,  generates  the  unit  of  velocity ;  this  is 
termed  Gauss'  absolute  unit,  the  term  "absolute"  being  used  to 
distinguish  it  from  standards  of  force  founded  on  the  force  of 
gravity,  and  therefore  not  absolute,  but  differing  in  value  at 
different  points  on  the  earth's  surface.  The  British  absolute 
unit  is  that  force  which,  acting  on  one  pound  of  matter  for  one 
second,  generates  a  velocity  of  one  foot  per  second.  In  some 
definitions  the  grain  is  used  as  the  unit  of  mass  instead  of  the 
pound  :  it  is  manifestly  inconvenient  to  use  the  grain;  the  pound 
is  the  unit  now  generally  accepted.  The  French  unit  of  mass  is 
the  gramme,  of  time  the  second,  as  in  England,  and  of  space  the 
metre.  In  the  absolute  unit,  mass  and  space  are  regarded  once, 
but  time  twice  ;  for  time  of  action  is  considered,  and  likewise 
velocity,  which  depends  on  time  and  space.  The  absolute  or 
kinetic  unit  force  described  above  is  employed  in  scientific 
investigations,  and  on  this  unit  the  absolute  units  employed  in 
electric  and  magnetic  measurements  are  founded ;  if  the  force  of 
gravity  acting  on  one  pound  of  matter  were  employed  as  the 
unit  force  in  these  cases,  it  would  be  inconvenient  by  reason  of 
the  necessity  for  in  every  case  defining  the  place  on  the  earth's 
surface  at  which  gravity  was  supposed  to  act.  The  force  of 
gravity  at  the  poles  is  to  -that  at  the  equator  as  1  to  1-005133 ; 
it  does  not  vary  in  the  British  Isles  for  one  degree  difference  in 
latitude  more  than  12j)oo  of  its  whole  amount  in  any  place. 
Engineers  adopt  in  practice  the  force  of  gravity  acting  on  a 
national  standard  of  mass  as  the  unit  of  force,  rather  than  the 
absolute  unit :  the  variation  of  the  force  of  gravity  with  difference 
of  place  being  confined  within  such  narrow  limits,  it  may  be 
neglected  in  practice  without  giving  rise  to  inconvenience ; 
hence,  British  engineers  use  the  British  standard  pound  weight, 
and  French  engineers  the  kilogramme,  as  the  unit  of  force,  using 
the  absolute  unit  only  for  theoretical  investigations,  where  strict 
accuracy  is  essential. 

3.  Although  not  used  in  practice,  it  is  essential  the  absolute 
unit,  and  the  relation  between  it  and  the  gravity  unit,  should  be 
understood.  The  force  of  gravity  acting  on  a  given  mass  may 
be  expressed  in  absolute  units,  by  dividing  the  mass  of  the  body 
into  the  velocity  it  would  acquire  in  falling  in  vacuo  by  its  own 
weight  for  one  second.  A.  pound  of  matter  allowed  to  fall  in 
Great  Britain  would  acquire  in  one  second  a  velocity  of  32-2 
feet  per  second ;  the  action  of  gravity  on  one  pound  of  matter  is 
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therefore  equal  to  32-2  absolute  units;  or,  the  British  absolute 
unit  of  force  is  about  half  an  ounce,  and  the  pressure  of  one 
pound  used  as  a  unit  by  engineers  is  equal  to  32-2  absolute  units. 
The  force  of  gravity  acting  on  a  unit  mass  at  the  equator  is 
32-088,andin  anyiatitude  6  it  is  equal  to  32-088(1  +  '00513  sin2*); 
32-5  is  the  mean  value  for  the  British  Isles.  It  should  be 
remarked  that  weights  are  primarily  measures  of  mass,  their 
application  to  the  measurement  of  force  is  secondary.  Except- 
ing when  otherwise  stated,  the  unit  of  force  referred  to  in  the 
following  pages  is  the  force  of  gravity  acting  on  one  pound  of 
matter  in  Great  Britain,  and  is  equal  to  about  32  -2  absolute 
units.  * 

4.  As  forces  involve  only  direction  and  magnitude,  they  are 
represented  on  paper  by  lines  representing  their  lines  of  action ; 
the  length  of  each  line  represents  the  magnitude  of  the  force 
according  to  an  arbitrary  scale,  one  end  of  the  line  represents  the 
point  of  application,  and  an  arrowhead  on  the  line  the  direction. 
In  algebraical  formulae  the  positive  or  negative  sign  is  prefixed 
to  quantities  representing  forces  accordingly  as  the  force  acts  in 
a  direction  arbitrarity  chosen,  or  in  the  opposite  direction. 

5.  If  a  body  be  acted  upon  by  several  forces  at  the  same  time, 
a  single  force  which  would  produce  the  same  result  on  the  balance 
of  the  body  as  these  forces  is  termed  their  resultant ;  in  other 
words,  the  resultant  is  a  force  equal  and  opposite  to  that  force 
which  would  exactly  balance  the  given  forces ;  the  given  forces 
are  themselves  termed  components  of  their  resultant.  The 
resultant  of  a  set  of  balanced  forces  is  nothing.  The  resultant 
of  any  number  of  forces  acting  in  the  same  straight  line  on  a 
body  is  their  algebraical  sum ;  and  if  the  forces  are  in  equilibrio, 
the  sum  of  those  acting  in  one  direction  is  equal  to  the  sum  of 
those  acting  in  the  opposite  direction.  The  science  of  statics 
may  be  deduced  from  either  one  of  two  fundamental  principles, 
termed  the  parallelogram  of  forces,  and  the  theory  of  couples, 
respectively;  each  of  these  principles  is  a  necessary  consequence 
of  the  other,  the  former  being  the  simpler  in  a  large  class  of 
cases  is  more  generally  employed. 

6.  The  smallest  number  of  inclined  forces  which  can  be  in 
equilibrio  is  three;  these  must  act  on  one  point  and  in  one 
plane,  and  their  relation  must  be  such,  that  each  one  of  them 
must  be  equal  and  opposite  to  the  resultant  of  the  other  two. 
The  necessary  relation  between  two  forces  and  their  resultant, 
and  between  three  forces  in  equilibrio,  are  given  in  the 
theorem  of  the  parallelogram  of  forces,  which  may  be  thus  enun- 
ciated:— If  two  forces  acting  on  one  point,  both  either  to  or 
from  the  point,  be  represented  in  magnitude  and  direction  by 
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the  adjacent  sides  of  a  parallelogram;  then,  the  diagonal  of  the 

parallelogram  drawn  through  the 
point  will  represent  in  magnitude 
and  direction  either  their  result- 
ant or  a  third  force  which  would 
balance  the  other  two,  according 
as  it  acts  to  or  from  the  point  with 
the  other  two,  or  in  a  contrary- 
direction.  Thus,  if  AB,  AC  (fig. 
1)  represent  two  forces  in  magni- 
tude and  direction  acting  on  a 
point  A,  the  parallelogram  ABCD 
being  drawn,  the  diagonal  DA 
will  represent  in  magnitude  and 
direction  their  resultant;  and,  if  the  arrowhead  at  D  were 
reversed,  as  shewn  at  A,  the  diagonal  would  represent  in  magni- 
tude and  direction  a  force  which  would  balance  the  forces  AB 
and  AC. 

7.  Lines  related  to  each  other  in  magnitude  and  direction,  as 
the  sides  and  diagonal  of  a  parallelogram,  evidently  bear  to  each 
other  the  same  relation  as  the  three  sides  of  a  triangle;  therefore 
the  principle  of  the  equilibrium  of  three  forces  acting  in  the 
same  plane  on  a  given  point,  is  sometimes  termed  the  triangle  of 
forces;  it  is  enunciated  as  follows  : — If  three  forces  be  represented 
in  direction  and  magnitude  by  the  three  sides  of  a  triangle 
respectively,  then  those  forces  acting  in  the  same  plane  through 
one  point  are  in  equilibrio;  and  conversely,  if  three  forces  acting 
in  the  same  plane  through  one  point  balance  each  other,  they 
may  be  represented  by  the  sides  of  a  triangle  in  magnitude  and 
direction.  Thus  the  three  forces  acting  on  the  point  A,  fig.  1, 
are  represented  in  magnitude  and  direction  by  the  sides  of,  the 
triangle  abc.  It  follows  from  the  above,  that  for  three  forces 
to  balance  each  other  any  two  must  be  greater  than  the  third ; 
that  each  must  be  proportional  to  the  sine  of  the  angle  betwaen 
the  other  two ;  that  they  must  act  in  one  plane ;  and,  generally, 
the  conditions  ruling  the  relative  magnitudes  of  the  sides  and 
angles  of  triangles  apply  to  the  representation  of  three  forces  in 
equilibrio;  and  unless  these  conditions  are  fulfilled  in  such  repre- 
sentation the  forces  cannot  balance  each  other.  The  relations 
between  the  lines  representing  the  forces  being  such,  problems 
concerning  the  forces  may  be  solved  trigonometrically  as  well  as 
graphically ;  thus,  two  forces  and  the  angle  between  them  being 
given,  their  resultant,  or  a  third  force  which  would  balance  the 
other  two,  may  be  found;  or,  three  forces  being  given,  the  angles 
between  them  when  they  are  in  equilibrio  may  be  found,  &c. 
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8.  The  resultant  of  three  or  more  forces  acting  on  a  point  may 
be  obtained  by  the  parallelogram  of  forces  by  finding,  firstly,  the 
resultant  of  any  two  of  the  forces,  and  then  using  this  with  a  third 
one  of  the  forces  as  components  to  obtain  a  second  resultant,  and 
so  on  until  the  last  resultant,  which  will  be  the  resultant  of  all 
the  given  forces ;  a  force  equal  and  opposite  to  this  resultant 
would  balance  the  forces.  This  is  stated  in  the  following  corollary 
from  the  parallelogram  of  forces  termed  the  polygon  of  forces. 
If  a  number  of  forces  acting  through  the  same  point  be  repre- 
sented by  lines  equal  and  parallel  to  the  sides  of  a  closed  polygon, 
those  forces  balance  each  other;  for,  if  the  parallelogram  of  forces 
be  applied  to  find  their  resultant,  as  described  above,  it  is  evident, 
if  the  forces  are  balanced,  this  resultant  will  be  nothing  ;  or, 
dividing  the  polygon  into  triangles  by  lines  drawn  from  one  of 
its  angles,  it  follows  from  the  triangle  of  forces  :  that  AC,  AB,  BC, 
fig.  2,  balance  each  other,  AD,  AC,  and  CD  are  balanced,  and  AD, 
DE,  EA  are  balanced ;  therefore  the 
system  of  forces  is  in  equilibrio.  In 
other  words,  CA  is  the  resultant 
of  CB,  AB;  DA  the  resultant 
of  DE,  AE ;  and  DC,  CA,  AD  are 
in  equilibrio.  It  is  not  necessary 
that  the  closed  polygon  be  plane, 
its  sides  may  be  in  different  planes, 
in  which  case  it  is  said  to  be  gauche. 

9.  If  three  forces  whose  lines  of  action  are  not  in  the  same  plane 
act  upon  a  point,  and  be  represented  in  magnitude  and  direction 
by  three  adjacent  sides  of  a  parallelopiped  meeting  at  the  point 
A,  fig.  3,  the  resultant  of  the  forces  will  be  represented  in  mag- 
nitude   and   direction  by  the 

diagonal  of  the  parallelopiped 
drawn  between  the  given  point 
and  the  opposite  solid  angle. 
In  the  figure  it  will  be  seen 
that  ACFE  is  a  gauche  poly- 
gon, and  (the  direction  of  AE 
being  reversed)  presents  a  case 
of  the  polygon  of  forces ;  for 
AC,  CF,  PE  are  equal  and 
parallel  to  the  given  forces 
respectively ;  and  because  EA 
completes  the  polygon  it  is 
equal  to  the  resultant  of  the  • 
others.  Or  the  parallelogram  of  forces  may  be  applied  to  such 
forces,  as  already  explained  (Paragraph  8),  with  the  same  result. 


Fig.  2. 


Fk.  3. 
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10.  By  means  of  the  relations  given  above  of  lines  representing 
forces,  a  single  force  may  be  replaced  by  two  or  more  forces, 
bearing  to  the  given  force  the  relation  of  components  to  resultant; 
the  given  force  is  then  said  to  be  resolved  into  its  resolved  parts 
or  components.  For  a  force  to  be  resolved  into  two  components, 
it  is  necessary  that  the  lines  of  action  chosen  iov  the  resolved 
parts  be  in  the  one  plane  with  the  line  of  action  of  the  given 
force,  and  that  the  three  lines  intersect  each  other  in  one  point. 
From  the  parallelogram  of  forces  it  is  evident  that  the  two  forces 
required  must  be  together  greater  than  the  given  force,  and  they 
must  be  related  to  the  given  force  in  magnitude  and  direction  as 
the  two  sides  of  a  triangle  to  the  third  side;  therefore,  if  two 
components  be  given  in  magnitude,  their  direction  may  be  found; 
if  they  be  given  in  direction  only,  their  magnitudes  may  be  found ; 
or  if  the  direction  and  magnitude  of  one  be  given,  the  direction 
and  magnitude  of  the  other  may  be  found,  by  applying  the 
parallelogram'  of  forces,  either  by  completing  the  parallelogram 
graphically,  or  by  solving  the  problem  trigonometrically.  Thus, 
in  fig.  1,  if  it  be  required  to  resolve  AD  into  two  resolved  parts 
acting  in  the  lines  AC,  AB  on  the  point  A;  if  the  parallelogram 
be  completed  by  drawing  the  lines  DC,  DB  parallel  to  the  given 
directions  AB,  AC,  then  AB,  AC  will  be  the  resolved  parts 
required. 

11.  The  resultant  of  any  number  of  forces  acting  on  a  point, 
and  having  their  lines  of  action  in  the  same  plane,  may  be  found 
thus  : — Choose  two  axes  passing  through  the  given  point  A,  fig.  i. 

in  the  common  plane  of  the 
lines  of  the  forces,  and  making 
any  angle  with  each  other; 
resolve  each  of  the  forces  into 
two  components,  one  in  each  of 
the  chosen  axes ;  the  resultant 
of  all  the  forces  in'  each  axis  is 
the  algebraic  sum  of  the  com- 
ponents in  that  axis.  If  this 
sum  in  both  axes  is  0,  or  there 
is  no  resultant,  then  the  forces 
balance  each  other.  If  there 
is  a  resultant  in  each  axis,  then 
these  resultants  being  treated 
as  components,  a  final  resultant  may  be  found  by  the  parallelo- 
gram of  forces.  The  axes  are  usually  taken  at  right  angles  to 
each  other,  in  which  case  they  are  termed  rectangular  axes. 

_  12.  A  force  may  be  resolved  into  three  components  acting  in 
given  lines  inclined  to  each  other,  if  the  given  lines  intersect  the 
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line  of  action  of  the  force  in  one  point ;  in  this  case  three  planes 
are  drawn  from  E,  fig.  3,  parallel  to  the  planes  of  AD,  AC,  AD, 
AB,  and  AB,  AC,  respectively;  the  components  required  axe 
represented  by  the  portions  of  the  given  lines  between  the  point 
A  and  the  point  of  their  intersection  of  the  three  planes  respec- 
tively—viz., by  AD,  AB,  AC. 

13.  When  a  force  is  resolved  into  components  whose  lines  of 
action  are  at  right  angles  to  each  other,  the  components  are 
termed  rectangular  components;  thus,  in  Paragraph  11,  if  the  axes 
chosen  be  at  right  angles  to  each  other,  each  of  the  forces  is  resolved 
into  two  rectangular  components.  The  component  of  a  force  in 
any  direction  is  termed  the  effective  component  in  that  direction, 
and  it  is  evidently  obtained  by  resolving  the  force  into  two 
rectangular  components — i.e.,  the  effective  component  of  a  force 
in  any  direction  is  the  product  of  the  force,  and  the  cosine  of 
the  angle  between  its  direction  and  the  direction  of  the  required 
component.  A  force  is  resolved  into  three  rectangular  components 
by  drawing  three  lines  perpendicular  to  each  other,  AB,  AC,  AD, 
fig.  3,  and  from  E  letting  fall  perpendiculars  to  each  of  these  lines, 
EC,  ED,  EB;  AB,  AD,  AC  are  the  rectangular  components 
required.  The  resultant,  the  perpendiculars  from  E,  and  the 
components,  form  three  rightrangled  triangles,  and  in  each  case 

the 2, —  =  cosine  of  the  angle  between  the  resultant  and 

resultant 

component.  As  each  component  is  equal  to  the  product  of  the 
resultant  into  the  cosine  of  the  angle  between  them,  the  square 
of  each  component  will  equal  the  square  of  the  resultant  multi- 
plied by  the  square  of  the  cosine ;  C1;  C2,  C3  being  the  components, 
Av  A2,  A3,  the  angles  between  them  and  the  resultant,  and  R 
being  the  resultant,  adding  the  squares  : — 

(A.)  C?  +  C|i  +  C|  =  R2  (cos  A?  +  cos  A|  +  cos  Af)  ■ 
but  the  quantity  in  brackets  is  equal  to'  unity  ;  therefore 
(B.)  C;  +  C5  +  CJ  =  R2,  and 

(C.)  B=  n/CJ  +  CS  +  Ct 

Thus,  to  decompose  a  force  into  three  rectangular  components, 

each  component  is  equal  to  the  product  of  the  resultant  into  the 

cosine  of  the  angle  between  it  and  the  component  required.     The 

intensity  of  the   resultant   is  given   in   equation   (C),  and  its 

direction  by  the  following  : — 

C  C  C 

(D. )        cos  Aa  =  jj*,  cos  A2  =  -j|,  cos  A3  =  -^i 

As  the  resiiltant  lies  in  the  solid  angle,  the  angles  Av  A2,  A3  are 
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acute,  and  as  the  sum  of  their  cosines  is  equal  to  unity,  if  there- 
fore two  be  given,  the  third  is  the  defect  of  their  sum  from  unity. 

14.  If  any  number  of  forces  act  on  a  point  in  lines  not  in  the 
same  plane,  the  resultant  of  such  a  system  of  forces  is  found  by 
resolving  each  force  into  components  acting  in  three  rectangular 
axes,  as  in  Paragraph  1 3 ;  the  algebraic  sums  in  th  ese  axes  are  then 
treated  as  components,  and  a  resultant  found,  as  in  Paragraph 
13.  This  resultant  is  that  of  all  the  given  forces.  If  the  result- 
ant be  0,  then  the  forces  are  in  equilibrio,  and,  when  any  number 
of  forces  are  in  equilibrio,  their  projections  upon  any  plane  or 
upon  any  line  will  also  be  in  equilibrio. 

15.  The  above  principles  may  be  applied  to  forces  acting  on  a 
perfectly  rigid  body,  thus  : — If  two  or  more  inclined  forces  be 
applied  to  the  same  point  in  a  rigid  body  destitute  of  weight,  then 
the  conditions  of  equilibrium  are  the  same  as  those  already 
stated  for  a  point.  If  the  forces  be  applied  to  different  points 
in  such  a  body,  the  assumption  of  absolute  rigidity  supposes  that 
force  applied  to  any  point  in  that  body  is  transmitted  'without 
loss  to  any  other  point  of  the  body  lying  in  the  line  of  action 
of  the  force;  and  therefore  the  action  of  the  force  on  the  body 
will  not  be  altered  if  its  point  of  application  be  transferred  from 

,  any  point  in  the  body  to  any 

other  point,  provided  the  second 
point  lies  in  the  line  of  action  of 
the  force.  Thus,  in  fig.  5,  ABC 
being  a  rigid  body,  the  points 
of  application  of  the  two  forces 
being  transferred  from  A  and 
C  to  1,  and  the  resultant  1,  2, 
being  found  by  the  parallelo- 
gram of  forces,  this  resultant 
may  be  transferred  to  3,  4,  or 
any  point  in  the  body  in  the 
line  1  4 ;  the  line  3  4  represents 
the  resultant  of  the  forces  AC  ; 
and,  with  its  algebraic  sign 
changed,  the  force  which  would 
balance  them. 
/«  Vr;  r  an{P°int  in  t^  line  of  action  of  the  resultant 
(fig.  5)  two  lines  be  drawn  perpendicular  to  the  lines  of  action 
of  each  of  the  components  respectively,  the  ratio  between  the 

£t?r+r  *  1S  the  mIerSf  rati0  between  the  components  to 
which  they  are  perpendicular  respectively;  and  either  com 
ponentmay  be  replaced  by  any  force  acting  in  a  new  direction 
without  disturbing  equilibrium,  if  the  perpendicular  distance  of 
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the  line  of  action  of  such  force  from  any  point  in  the  line  of  action 
of  the  resultant,  multiplied  by  the  substituted  force,  be  equal  to 
the  product  of  the  perpendicular  distance  of  the  line  of  the  other 
component,  and  the  force  of  that  component.  Each  of  the  com- 
ponents in  the  above  case  acting  alone,  would  tend  to  turn  the 
body  in  the  plane  of  its  action ;  the  efficiency  of  a  force  to  turn  a 
body  about  a  given  point  is  directly  as  the  perpendicular  distance 
of  the  line  of  action  of  the  force  from  the  given  point,  and  as 
the  magnitude  of  the  force ;  or,  as  the  product  of  the  perpen- 
dicular distance  into  the  force.  This  product  is  called  the 
moment  of  the  force — e.g.,  a  force  of  x  pounds  acting  at  a  perpen- 
dicular distance  of  y  fe*et  from  a  given  point  has  a  moment  with 
respect  to  that  point,  and  with  respect  to  an  axis  passing  through 
that  point  and  perpendicular  to  the  plane  of  the  force  oixty.  The 
moment  of  a  weight  resting  on  a  bracket,  fig.  16,  with  respect 
to  the  point  of  support,  is  the  product  of  the  distance  of  the  weight 
from  the  support  and  the  weight ;  with  a  weight  w  of  10  lbs. 
5  feet  from  the  support,  the  moment  =  50,  which  represents  the 
efficiency  of  the  weight  to  bend  the  bracket  at  A.  The  moment 
of  a  physical  agency  is  the  numerical  measure  of  its  importance ; 
thus,  in  the  above  example,  the  moment  of  a  weight  of  10  lbs. 
placed  5  feet  from  the  support  of  the  bracket  AB  =  50  foot-pounds; 
if  the  bracket  were  lengthened  to  10  feet,  and  the  weight 
reduced  to  5  lbs.,  the  moment  would,  still  be  50 — i.e.,  the 
efficiency  of  the  weight  to  break  the  beam  would  be  the  same  in 
each  case.  The  moment  of  a  force  with  respect  to  a  given  axis 
or  point,  measures  the  efficiency  of  the  force  to  produce  rotation 
about  that  axis  or  point.  The  moment  of  a  force  about  a  point 
is  the  product  of  the  force  into  the  perpendicular  to  its  line  of 
action  from  the  given  point,  and  is  therefore  equal  to  twice  the 
area  of  the  triangle  whose  vertex  is  the  given  point,  and  whose 
base  is  a  line  representing  the  force  in  magnitude  and  direction. 
The  moment  of  a  force  relative  to  a  straight  line  perpendicular 
to  the  line  of  action  of  the  force,  is  the  product  of  the  force  and 
the  shortest  distance  between  it  and  the  given  straight  line ;  if 
the  force  be  parallel  to  the  straight  line,  its  moment  is  zero  ;  if 
the  line  of  action  of  the  force  be  oblique  to  the  given  straight 
line,  the  force  being  resolved  into  two  components,  respectively 
parallel  and  perpendicular  to  the  straight  line,  the  moment  of 
the  force  with  respect  to  the  given  straight  line  is  the  product 
of  the  perpendicular  component,  into  the  shortest  distance 
between  the  given  line  and  the  direction  of  that  component — i.e., 
it  is  the  moment  of  the  perpendicular  component  with  respect  to 
the  point,  at  which  a  plane  drawn  through  this  component,  per- 
pendicular to  the  straight  line,  meets  that  line.  The  moment  of 
a  force  with  respect  to  a  plane  is  the  product  of  the  force,  and 


10  GENERAL    PRINCIPLES    OF    STRENGTH   AND    STABILITY. 

the  perpendicular  distance  of  its  point  of  application,  from  that 
plane.  The  moments  of  forces  are  said  to  be  expressed  in  foot- 
pounds, inch-pounds,  &c,  according  to  the  units  of  length  and 
weight  employed. 

17.  Unbalanced  forces  in  the  same  line,  or  inclined  to  each 
other,  acting  on  a  single  point  or  a  rigid  body,  impress  on  it  a 
motion  of  translation;  but  forces  may  impress  or  tend  to  impress 
a  motion  of  rotation,  and  this  effect  remains  to  be  considered. 
Two  forces  of  equal  magnitude '  acting,  on  the  same  body  in 
parallel  and  opposite  directions,  but  not  in  the  same  line,  con- 
stitute a  couple.    The  arm  or  leverage  of  a  couple,  AB,  fig.  6,  is  the 

perpendicular  distance  between  the  lines  of  action 

b        of  the  two  equal  forces  A  and  B.     The  plane  of  a 

\  /\i      couple  is  the  plane  in  which  are  situated  the  lines 

^  of  action  of  the  two  forces.     The  tendency  of  a 

Fig.  6.         couple  is  to  turn  the  body  to  which  it  is  applied 

in  the  plane  of  the  couple.  A  couple  is  termed 
right-handed  when  it  tends  to  rotate  the  body  in  the  same 
direction  as  the  hands  of  a  watch,  fig.  6;  left-handed  when  the 
tendency  is  to  rotate  the  body  in  the  opposite  direction.  The 
moment  of  a  couple  is  the  sum  of  the  moments  of  the  forces 
about  any  point,  in  their  plane,  and  therefore  is  equal  to  the 
product  of  the  arm  of  the  couple  and  one  of  the  equal  forces;  it 
measures  the  tendency,  of  the  forces  to  rotate  the  body.  If  the 
length  of  the  arm  be  given  in  feet,  and  the  forces  in  pounds,  the 
product  is  termed  the  moment  in  foot-pounds,  as  explained  for 
moments  of  force  (Paragraph  16);  the  term  foot-pound  is  also  used 
in  another  sense,  and  therefore,  in  \ising  the  term  as  above,  the 
term  "  moment "  should  be  prefixed  to  prevent  confusion.  The 
moment  of  a  couple  may  be  represented  by  the  area  of  a  rect- 
angle, whose  adjacent  sides  are  lines  representing  the  arm  and 
one  of  the  equal  forces  respectively;  or,  by  a  single  line  drawn 
perpendicular  to  the  plane  of  the  couple,  and  of  a  length  pro- 
portionate to  its  moment;  this  line  is  sometimes  termed  the  axis 
of  the  couple,  but  properly  the  axis  is  any  line  perpendicular 
to  the  plane  of  the  couple.  Algebraically,  right-handed  couples 
are  usually  considered  positive,  left-handed  negative;  lines  in  an 
axis  are  usually  considered  positive  when  drawn  in  the  direction 
from  which  the  couple  must  be  viewed  to  appear  right-handed. 

18.  1.  Two  couples  are  equivalent  when  their  moments  are 
equal,  they  act  in  the  same  direction,  and  in  the  same  or  parallel 
planes.  This  is  the  fundamental  principle  of  the  theory  of 
couples;  from  this  principle  it  follows : 

2.  The  resultant  of  any  number  of  couples  acting  in  the  same 
plane,   or  in  parallel    planes,   is  equivalent  to  a  couple,   the 
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moment  of  which  is  the  algebraical  sum  of  the  moments  of  the 
component  couples. 

3.  Two  or  more  couples  in  the  same  or  parallel  planes  balance 
each  other  when  the  resultant  moment — i.e.,  the  algebraical  sum 
of  their  moments — is  nothing. 

4.  If  the  two  adjacent  sides  of  a  parallelogram  represent  the 
moments  of  two  couples  whose  planes  are  inclined  to  each  other, 
the  diagonal  of  the  parallelogram  will  represent  the  moment  of 
the  resultant  couple  equivalent  to  the  two  couples  compounded, 
both  in  magnitude  and  direction — i.e.,  three  couples  whose 
moments  represented  by  lines  form  a  triangle,  balance  each  other. 

5.  If  any  number  of  douples  acting  on  a  body  be  represented 
by  the  sides  of  a  closed  polygon,  they  are  in  equilibrio. 

6.  Couples  represented  by  lines  may  be  compounded  or 
resolved  into  components  as  single  forces;  in  applying  the  methods 
given  already  under  the  parallelogram  of  forces,  it  is  necessary  to 
remember  that  the  components  and  resultants  so  obtained  are,  in 
the  case  of  couples  themselves  couples,  represented  by  lines  in 
the  axis,  of  a  length  proportionate  to  the  magnitude  of  the 
couples  represented  respectively. 

19. .  A  balanced  system  of  parallel  forces  must  consist  either 
of  pairs  of  equal  and  directly  opposed  forces,  of  equal  couples, 
or  of  combinations  of  such  pairs  and  couples;  for  no  single 
force  can  be  found  which  will  balance  a  couple.  The  magnitude 
of  the  resultant  of  any  system  of  parallel  forces  is  the  algebraical 
sum  of  their  magnitudes,  and  if  this  resultant  is  nothing  the 
system  is  in  equilibrio.  The  relative  positions  of  the  lines  of 
action  of  parallel  balanced  forces  is  solved  by  means  of  the  theory 
of  couples;  in  the  consideration  of  such  cases  all  pairs  of  directly 
opposed  equal  forces  are  neglected.  If  three  parallel  forces 
applied  to  a  body  are  in  equilibrio,  the  following  conditio  us  are 
fulfilled:  their  lines  of  action  are  in  one  plane,  the  extreme 
forces  act  in  the  same  direction  as  each  other,  and  in  the  opposite 
direction  to  the  centre  force, 
and  the  magnitude  of  each 
force  is  proportional  to  the 
distance  between  the  lines  of 
action  of  the  other  two.  If,  in 

fig.  7,  the  three  forces  be  con-       Af ^L_      c 

sidered  as  two  pairs  of  forces 
forming  two  couples,  whose 
arms  are  AB  and  BC  respec- 
tively, and  whose  moments  Fig.  7. 
are  equal,  it  will  be  seen  that 
for  the  system  to  be  in  equilibrio  the  conditions  stated  above 
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must  be  fulfilled— i.e.,  the  middle  force  must  equal  the  sum  of  the 
extreme  forces,  as  the  moments  of  the  couples  must  be  equal  the 
lengths  of  the  arms  must  be  inversely  as  the  forces  respectively, 
and  it  is  evident  the  forces  may  be  inclined  without  disturbing 
equilibrium  if  they  maintain  their  parallelism  to  each  other. 
This  principle  is  that  of  the  lever ;  the  three  forces  represented 
in  the  figure  may  represent  the  pressures  of  power,  fulcrum,  and 
weight,  and  the  lever  will  be  of  the  first,  second,  or  third  kind, 
according  to  the  order  in  which  these  are  arranged.  As  in  the 
case  of  inclined  forces,  if  three  parallel  forces  are  in  equilibrio  each 
must  be  equal  and  opposite  to  the  resultant  of  the  other  two. 

20.  The  resultant  of  a  couple  and  a  single  force  acting  on  a  body 

in  the  same  or  a  parallel  plane  is 
found  as  follows: — Set  off  from 
0,  fig.  8,  the  point  of  application 
of  the  given  force  F,  a  line  -  P 
equal  and  opposite  to  F ;  through  . 
0  draw  the  arm  of  a.  couple  and 
complete  the  couple  by  the  force 
F,  the  moment  of  this  couple 
being  made  equal  to  that  of  the 
given  couple  by  increasing  or 
decreasing  the  length  of  the  arm 

in  the  inverse  ratio  of  the  force  F  to  each  of  the  forces  of  the 
given  couple;  it  is  evident  the  resultant  of  this  system  is  the 
force  FA ;  for  F  and  —  F,  being  equal  and  opposite,  neutralise  each 
other,  therefore  the  resultant  is  equal  in  magnitude  to  the  given 
single  force,  its  direction  is  parallel  to  that  of  the  given  force  and 
in  the  same  plane,  but  its  point  of  application  is  shifted  to  the 
left  or  right  accordingly  as  the  given  couple  is  right  or  left 
handed.  Hence  the  resultant  of  any  number  of  parallel  forces 
must  be  either  a  single  force  or  a  single  couple;  for  if  it  were  a 
force  and  a  couple,  these  could  be  combined  into  a  single  force. 

21.  The  conditions  of  equilibrium  of  a  system  of  parallel  forces 
having  their  lines  of  action  in  one  plane  are  as  follows  :• — lstly. 
The  algebraical  sum  of  the  forces  must  be  =  0;  and,  Ivdly,  the 
algebraical  sum  of  their  moments  relative  to  an  axis  at  right 
angles  to  the  common  plane  of  their  lines  of  action  must  be  =  0. 
This  is  equivalent  to  stating  that  there  must  be  neither  motion 
of  translation  nor  of  rotation. 

If  the  given  forces  be  not  in  one  plane,  then  for  them  to  be  in 
equilibrio  the  second  condition  given  above  must  be  replaced  by 
the  following : — 

The  sum  of  their  moments  relative  to  two  axes  at  right  angles 
to  each  other,  and  to  the  lines  of  action  of  the  given  force  must 
be  =  0.  ' 
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22.  1.  The  resultant  of  any  number  of  parallel  forces  whose  lines 
of  action  are  in  one  plane,  equals  the  algebraical  sum  of  the 
several  forces;  and  the  distance  of  the  line  of  action  of  this 
resultant  from  an  assumed  axis,  to  which  the  forces  are  referred, 
is  found  by  dividing  the  sum  of  the  forces  by  the  sum  of  theii 
moments  relative  to  this  axis. 

2.  The  resultant  of  any  system  of  parallel  forces  not  in  the  same 
plane  is  found  by  taking  two  rectangular  axes;  the  resultant  in 
this  case,  as  in  the  last,  is  the  algebraical  sum  of  the  several 
component  forces;  the  distance  of  the  resultant  relative  to  each 
axis  is  the  quotient  of  the  algebraical  sum  of  the  moments 
relative  to  that  axis,  by  the  magnitude  of  the  resultant.  If  in 
the  two  cases  given  above  the  resultant  be  =  0,  then  the  forces 
are  either  in  equilibrio  or  their  resultant  is  a  couple.  If  the 
forces  are  not  in  equilibrio,  then  in  1,  the  moment  of  the  resultant 
couple  is  the  sum  of  the  moments  of  the  given  forces  relative  to 
the  axis  chosen;  in  2,  two  resultant  couples  are  obtained,  one 
about  each  of  the  chosen  axes;  the  moments  of  these  couples  are 
the  sums  of  the  forces  relative  to  each  of  the  axes  respectively, 
and  their  axes  will  be  one  on  each  of  the  chosen  axes;  if  on  each 
of  these  axes  a  line  is  set  off  in  the  positive  direction  represent- 
ing the  couple  (Paragraph  17),  and  the  rectangle  of  which  these 
lines  are  adjacent  sides  be  completed,  the  diagonal  will  represent 
the  resultant  couple  in  moment  and  direction. 

The  value  of  the  moment  of  this  ultimate  resultant  will  be  the 
square  root  of  the  sum  of  the  squares  of  the  two  component 
couples;  and  generally  the  same  formulae  as  were  applied  to 
single  inclined  forces  may  be  applied  to  these  couples,  by  using 
lines  to  represent  couples  in  accordance  with  the  rules  already 
stated.  Thus,  the  two  component  couples  and  their  resultant 
couple  are  related  to  each  other  as  the  sides  of  a  triangle,  both 
in  magnitude  and  direction;  the  cosine  of  the  angle  made  by  the 
resultant  couple  and  either  of  the  component  couples  is  equal  to 
the  quotient  of  the  component  taken  by  the  resultant;  the  value  of 
either  component  is  the  product  of  the  cosine  of  the  angle  between 
it  and  the  resultant  and  the  resultant.  The  resultant  maybe  found 
by  taking  the  square  root  of  the  sum  of  the  squares  of  the  com- 
ponents, because,  the  axes  being  rectangular,  the  components  and 
resultant  are  related  as  the  sides  of  a  right-angled  triangle,  in 
which  the  resultant  is  the  hypothenuse;  or  the  resultant  may  be 
found  by  taking  the  quotient  of  one  of  the  components  by  the 
cosine  of  the  angle  between  that  component  and  the  resultant. 

23.  The  resultant  ,of  any  number  of  forces  and  couples  may  be 
found  by  applying  the  methods  already  given  for  parallel  and 
inclined  forces  and  couples  respectively;   thus,  the  forces  and 
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couples  being  represented  by  lines  in  the  conventional  manner,  if 
acting  in  one  plane,  two,  and  if  acting  in  different  planes,  three 
rectangular  axes  are  taken;  to  these  axes  co-ordinates  are  drawn, 
so  that  the  single  forces  be  resolved  into  resultants  acting  in  the 
rectangular  axes,  and  the  couples  are  also  resolved  into  couples 
acting  round  the  same  axes ;  the  several  resultants  thus  obtained 
are  compounded  into  a  single  force  and  a  single  couple  respect- 
ively. If  the  moment  of  the  couple  and  the  resultant  of  the  force 
each  =f=  0,'the  system  is  in  equilibrio ;  if  the  moment  of  the  couple 
only  =  0,  the  resultant  force  is  the  resultant  of  the  system;  when 
the  resultant  force  only  is  =  0,  then  the  resultant  is  a  ■  couple. 
If  the  resultants  of  a  system  of  couples  and  single  forces  be  a 
couple  and  a  single  force,  three  cases  are  possible :  lstily.  Let  the 
single  force  be  at  right  angles  to  the  axis  of  the  couple;  this  case 
is  one  of  parallel  forces,  for  the  couple  may  be  turned  until  its 
forces  are  parallel  to  the  single  force,  and  a  resultant  of  the  couple 
and  single  force  may  be  found  (Paragraph  20),  for  it  will  be  equal 
and  parallel  to  the  single  force  in  a  plane  perpendicular  to  the  axis 
of  the  couple,  and  at  a  distance  from  the  point  of  intersection  of 
the  line  of  action  of  the  single  force  and  the  axis  of  the  couple 
equal  to  the  quotient  of  the  moment  of  the  couple  by  the  single 
force.  2ndly.  If  the  single  force  act  in  a  line  parallel  to  the  axis 
of  the  couple,  then  they  cannot  be  compounded  into  either  a 
single  force  or  a  couple ;  the  simplest  equivalent  of  the  system 
has  been  attained,  drdly.  If  the  axis  of  the  couple  and  the  line 
of  action  of  the  single  force  be  oblique  to  each  other,  then  the 
couple  may  be  resolved  into  two  component  couples,  one  having 
its  axis  at  right  angles  to  the  line  of  action  of  the  single .  force, 
and  the  other  having  its  axis  parallel  to  that  line;  the  first  of  these 
couples  may  be  compounded  with  the  single  force  (Paragraph  20), 
but  the  single  force  so  found  cannot  be  compounded  with  the 
second  couple :  the  two  together  form  therefore  the  final  resultant 
of  the  system  of  forces  and  couples.  The  moment  of  the  couple 
is  the  product  of  the  moment  of  the  original  resultant  couple, 
and  the  cosine  of  the  angle  between  it  and  the  original  resultant 
force. 

24.  Forces  have  been  considered  above  as  undistributed,  but 
every  force  must  be  distributed  over  some  surface  or  through 
some  volume.  The  intensity  of  a  force  is  the  ratio  between  the 
force  in  units  of  weight  and  the  area  or  volume  over  or  through- 
out which  it  is  distributed— e.  g.,  a  force  of  10  lbs.  distributed 
over  5  square  feet  of  surface  would  have  an  intensity  of  2  lbs.  per 
square  foot,  a  force  of  9  lbs.  distributed  through  a  volume  of  3 
cubic  feet  would  have  an  intensity  of  3  lbs.  per  cubic  foot.  The 
only  force  distributed  through  volume  which  is  considered  in 
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engineering  is  gravity;  in  this  ease  it  is  assumed  that  every 
particle  of  a  body  is  equally  attracted  by  the  earth,  the  greater 
weight  of  one  body  compared  with  another  being  due,  not  to 
greater  force  acting  on  each  particle,  but  to  a  greater  number  of 
particles  acted  upon.  Instances  of  forces  distributed  over  surface 
are  furnished  by  every  case  in  which  a  solid  is  subjected  to  force — 
e.  g.,  in  a  wire  subjected  to  tension  the  tensile  force  is  distributed 
over  the  cross-sectional  area  of  the  wire,  and  is  resisted  by  an 
equal  and  opposite  force  exerted  by  the  wire,  and  also  distributed 
over  the  sectional  area  at  any  conceivable  cross  section.  For  a 
distributed  force  may  always  be  found  either  a  resultant  force, 
a  resultant  couple,  or  a  combination  of  a  single  force  and  a  couple, 
which  is  its  equivalent  in  action  on  the  equilibrium  of  the  body. 
25.  Gravity  is  the  force  with  which  bodies  tend  to  move 
towards  the  earth.  It  is  exerted  between  each  body  and  the 
earth,  and  between  any  given  body  and  others  surrounding  it ; 
but  the  greater  relative  size  of  the  earth  renders  it  possible 
generally  to  neglect,  without  sensible  error,  the  gravity  between 
contiguous  bodies,  and  regard  that  force  only  which  is  exerted 
between  the  chosen  body  and  the  earth.  Each  particle  of  matter 
is  affected  equally  by  gravity;  the  different  weights  of  equal 
masses  of  different  kinds  of  matter  is  assumed  to  be  due  to  a 
variation  in  the  number  of  particles  in  equal  volumes.  The 
relative  greatness  of  the  earth's  radius  renders  it  possible  to 
assume  that  the  lines  of  action  of  the  force  of  gravity  between 
the  particles  of  the  body  and  the  centre  of  the  earth  are  parallel. 
The  force  of  gravity  hence  presents  an  example  of  parallel  forces, 
the  resultant  of  which  must  be  equal  to  their  sum,  and  act  in 
their  common  direction.  In  the  case  presented  by  gravity  the 
parallel  forces  are  equal  in  magnitude,  and  all  in  the  same 
direction ;  hence,  the  resultant  cannot  be  a  couple,  it  must  be  a 
single  force  acting  in  the  common  direction.  The  position  of  the 
resultant  relative  to  any  axis  being  given  by  the  quotient  of  the 
sum  of  the  moments  relative  to  that  axis,  by  the  sum  of  the 
forces;  in  this  instance  the  forces  being  equal,  this  is  simply  the 
mean  distance  of  the  forces,  or  that  line  about  which  the  particles 
of  the  body  are  most  symmetrically  arranged.  Two  rectangular 
axes  being  taken  the  line  of  action  of  the  resultant  is  found ;  if 
three  axes  be  taken  a  point  is  found  through  which  the  resultant 
passes  in  every  position  of  the  body  with  respect  to  the  earth, 
this  point  is  the  centre  of  gravity  of  the  body;  it  is  the  central 
point  around  which  the  matter  of  the  body  is  distributed  most 
uniformly.  For  a  body  to  be  supported  it  is  necessary  evidently, 
that  the  gravitating  forces  acting  on  its  particles  be  balanced  by 
a  force  equal  and  opposite  to  their  resultant;  thus,  if  a  body  be 
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suspended  or  supported,  the  line  of  action  of  the  resultant  must 
pass  through  the  point  of  suspension  or  support.  The  charac- 
teristics of  the  centre  of  gravity  are  as  follows  :--l.  If  the 
centre  of  gravity  be  supported,  the  resultant  of  all  the  forces 
of  gravity  acting  on  the  particles  will  be  opposed  in  every 
position  of  the  body,  and  the  system  will  be  in  equilibrio ;  and 
every  body  supported  by  a  single  force  must  have  its  centre  of 
gravity  in  the  line  of  action  of  that  force.  2.  The  algebraical 
sum  of  the  products  of  each  particle  of  the  body  into  its  distance 
from  a  given,  plane,  is  equal  to  the  product  of  the  whole  mass  into 
the  distance  of  its  centre  of  gravity  from  the  same  plane.  The 
centre  of  gravity  may  be  defined  as  the  centre  of  the  parallel 
forces  for  the  weight  of  the  body. 

26.  Assuming  a  body  to  be  equally  heavy  for  the  same  bulk 
throughout  its  mass,  then  the  centre  of  gravity  of  a  geometrical 
figure  is  the  position  of  the  centre  of  gravity,  assuming  the  figure 
to  be  filled  with  matter.  If  a  body  have  a  centre  of  figure,  that 
point  is  also  the  centre  of  gravity;  if  it  have  an  axis  of  symmetry, 
the  centre  of  gravity  is  in  that  axis;  and  if  it  have  a  plane  of 
symmetry,  the  centre  of  gravity  is  in  that  plane;  as  already  stated, 
it  is  the  centre  of  the  body's  mass.  The  common  centre  of  gravity 
of  a  set  or  system  of  bodies  is  the  centre  of  parallel  forces  for  the 
resultants  of  their  several  weights.  The  centre  of  gravity  of  any 
triangle  is  in  a  line  from  the  point  of  bisection  of  one  side  to  the 
opposite  angle,  one-third  of  the  length  of  this  line  from  the  side 
taken,  or,  it  is  the  point  of  intersection  of  lines  bisecting  two 
sides  at  right  angles.  The  centre  of  gravity  of  a  cone  or  pyramid 
is  on  the  axis  at  quarter  the  height  of  the  figure  from  the  base.  In 
a  conic  frustrum  the  centre  of  gravity  is  given  by  the  expression 

■k  •  TT5 — ri o")  in  which  L  =  lensth  or  axis,  E.  and  r  radii  of 

greater  and  smaller  end  respectively.  In  a  paraboloid  it  is  two- 
thirds  the  axis  from  the  vertex;  in  a  frustrum  of  a  paraboloid  it 

2R2  +  r2 
is  J  L .  ^jsy- —  from  centre  of  the  lesser  end.     In  a  hemisphere 

it  is  three-eighths  of  the  radius  from  the  centre.  Irregular  figures 
may  be  divided  into  triangles. 

27.  The  centre  of  gravity  has  been  called  the  centre  of  position, 
the  centre  of  mean  distance,  that  point  which,  being  supported, 
the  body  is  supported,  &c. ;  it  is,  as  explained  above,  commonly 
defined  as  the  point  always  traversed  by  the  resultant  of  the 
system  of  parallel  forces  for  the  weight  of  the  body  or  system  of 
bodies.  If  the  action  of  gravity  be  reducible  to  a  single  force  in 
a  line  passing  always  through  one  point,  fixed  relatively  to  the 
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body,  whatever  be  its  position  relatively  to  the  earth,  that  point 
is  the  centre  of  gravity  of  the  body;  but  it  has  been  pointed  out 
by  Messrs.  Thomson  and  Tait,  that,  except  in  a  definite  class  of 
cases  (the  bodies  being  therefore  termed  centrobaric),  there  is  no 
one  fixed  point  which  can  be  termed  a  centre  of  gravity;  in 
common  parlance  the  term  "  centre  of  gravity  "  has  an  extended 
signification,  being  used  as  equivalent  to  "  centre  of  inertia " 
(Paragraph  32);  and  although  the  fundamental  ideas  involved  in 
the  two  terms  are  essentially  different,  in  ordinary  cases  a  proxi- 
mate solution  is  available,  according  to  which  the  extended 
meaning  may  be  applied. 

28.  Gravity  is,  as  already  explained,  the  tendency  to  transmit 
into  every  particle  of  matter  a  certain  velocity,  absolutely  inde- 
pendent of  the  number  of  particles;  weight  is  the  effort  which 
must  be  exercised  to  prevent  a  given  mass  from  obeying  the  law 
of  gravity  (Condorcet).  The  intensity  of  the  weight  of  a  body 
may  be  expressed  in  two  ways,  absolutely  by  the  number  of  units 
of  weight  in  a  unit  of  volume,  and  relatively  by  the  ratio  it  bears 
to  the  intensity  of  the  weight  of  a  standard  substance.  For  the 
first  the  term  heaviness  has  been  suggested  (Rankine) ;  the  second 
is  termed  the  specific  gravity  of  the  given  body.  The  heaviness 
of  substances  is  stated  by  British  engineers  in  pounds  per  cubic 
foot  of  volume ;  and  specific  gravity  is  the  ratio  between  the 
weights  of  equal  volumes  of  the  given  body  and  pure  water  at  a 
temperature  of  62°  F.  and  an  atmospheric  pressure  of  14-7  lbs.  per 
square  inch.  The  weight  of  a  cubic  foot  of  pure  water  at  the 
standard  pressure  and  temperature  is  62-355  lbs.;  hence,  the 
heaviness  of  any  substance  in  pounds  per  cubic  foot  may  be 
obtained  by  multiplying  its  specific  gravity  by  62-355.  In  France 
the  unit  of  weight  is  the  kilogramme,  being  the  weight  of  a  cubic 
decimetre  of  pure  water  at  its  maximum  density  (temp.  39°-l  F.) ; 
as  water  at  its  maximum  density  is  used  as  a  standard  instead  of 
water  at  62°  F.  as  in  England,  the  weight  of  any  substance  in 
kilogrammes  is  its  specific  gravity,  and  the  heaviness  and  specific 
gravity  are  indicated  by  one  number;  but  water  at  39°-i  F. 
weighs  62-425  lbs.  per  cubic  foot,  instead  of  62-355  lbs.,  its 
weight  at  62°  F. ;  thus  numbers  representing  specific  gravities  on 
the  French  system,  referring  to  a  heavier  standard,  are  for  each 
substance  slightly  less  than  those  referred  to  the  British  standard. 
The  heaviness  and  the  specific  gravity  of  materials  used  in  con- 
struction are  important  data,  and  are  stated  for  each  material  in 
describing  its  properties. 

29.  The  cases  of  distributed  forces  other  than  gravity  most 
common  in  practice  are  those  in  which  the  force  is  either  uni- 
formly distributed  over  the  surface,  and  of  one  kind ;  or  uniformly 
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varying,  and  either  of  one  kind,  or  of  two  kinds,  the  resultant  of 
the  two  kinds  forming  a  resultant  couple.  Instances  of  uniformly- 
distributed  forces  are  furnished  by  the  tension  on  a  wire,  and  the 
pressure  on  a  column,  the  force  being  equally  distributed  over  the 
section  of  the  wire  or  column.  In  this  case  the  point  of  action  of 
the  resultant  force,  or  the  centre  of  force,  is  at  the  centre  of  gravity 
of  the  section ;  it  is  equal  to  the  whole  force  on  the  section,  and 
its  intensity  is  equal  to  the  total  force  divided  by  the  area  of  the 
section — e.g.,  100  lbs.  distributed  over  10  square  inches  would  be 
said  to  have  an  intensity  of  10  lbs.  per  square  inch.  The  resultant 
is  evidently  equal  to  the  force  per  unit  of  area  multiplied  by  the 
area  of  the  section.  When  the  force  is  not  equally  distributed 
over  the  section,  it  may  generally  be  assumed  to  vary  uniformly 
directly  as  the  distance  of  the  point  chosen  from  a  given  line ;  in 
this  case  the  resultant  will  equal  the  mean  intensity,  multiplied 
by  the  area  of  the  surface  over  which  it  is  distributed  :  the  point 
of  application  of  the  resultant  will  be  the  point  where  the  force 
has  its  mean  intensity.  When  the  force  distributed  over  a  given 
area  is  of  two  kinds,  as  tension  at  one  place  and  pressure  at 
another,  the  resultant  is  found  separately  for  each  kind  of  force, 
and  the  two  resultants  thus  found  are  compounded  into  one 
resultant  force  or  a  resultant  couple.  If  the  resultant  forces  are 
unequal,  and  of  opposite  signs,  the  resultant  is  their  difference ; 
the  point  of  action  of  the  final  resultant  is  found  by  joining  the 
points  of  action  of  the  provisional  resultants,  and  taking  the  point 
in  this  line  distant  from  each  force  respectively,  inversely  as  the 
magnitude  of  the  force  (Paragraph  19) ;  if  the  forces  be  equal  and 
opposite,  then  they  have  not  a  single  resultant,  they  form  a  couple 
which  is  the  resultant  couple  of  the  system.  An  instance  of  this 
is  described  in  another  place  as  presented  by  a  loaded  beam. 

Section  II. — Force  considered  Dynamically — Inertia — Work. 

30.  Except  in  defining  the  absolute  unit  of  force,  in  the  preceding 
section  forces  were  considered  statically;  certain  elementary 
ideas  of  the  action  of  forces  regarded  dynamically  and  considered 
essential  are  the  subject  of  this  section.  Dynamics  applies  to 
the  conditions  of  solid  bodies  in  motion;  and  as  forces  can  only 
be  known  by  their  effects,  the  movements  of  solid  bodies  are 
regarded  as  the  effects  of  forces,  and  from  these  effects  are 
deduced  the  theoretical  principles  of  the  abstract  mathematical 
science.  Dynamics  is  distinguished  from  statics  by  the  greater 
number  of  elements  considered,  the  principal  additional  element 
being  time;  which,  as  already  stated,  is  considered  twice  in  the 
absolute  unit  of  force  (Paragraph  2). 
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31.  Matter  at  rest  requires  force  to  set  it  in  motion;  if  motion 
were  impressed  upon  it  by  any  force,  and  the  force  ceased  to  act, 
the  motion  would  continue  for  ever  at  the  same  rate,  unless  some 
other  force  acted  to  destroy  or  modify  it.  If  a  force  continue  to 
act  on  a  body  after  impressing  on  it  motion,  then  the  motion  will 
be  increased,  and  will  continue  to  increase  so  long  as  the  force 
continue  to  act,  provided  no  other  force  opposes  this  motion.  The 
mass  of  a  body  is  the  product  of  its  density  by  its  volume — e.  g., 
of  two  bodies  of  equal  volume,  if  one  had  twice  the  density  of  the 
other,  it  would  be  said  to  have  twice  the  mass.  The  velocity  of  a 
moving  body  is  the  distance  it  travels  in  a  unit  of  time;  the  unit 
of  distance  commonly  uSed  is  the  foot  or  yard,  the  unit  of  time 
the  second.  The  force  necessary  to  impress  a  given  velocity  on 
a  body  is  directly  as  the  mass  of  that  body — i.  e.,  the  greater  the 
mass  to  be  moved  the  greater  will  be  the  force  required  to  im- 
press on  it  any  given  rate  of  motion.  In  other  words,  matter  is 
itself  assumed  to  be  absolutely  inert  or  passive,  and  all  motion, 
cessation,  and  alteration  of  motion  are  ascribed  to  force;  this, 
inertness  of  matter  is  termed  inertia;  and  the  fact  that  the  force 
required  to  impress  a  given  velocity  on  a  body  is  proportional  to 
the  mass  of  matter,  is  expressed  by  the  statement,  that  inertia  is 
proportional  to  mass,  or  quantity  of  matter. 

32.  A  point  the  distances  of  which  from  three  planes  at 
right  angles  to  each  other  are  respectively  equal  to  the  mean 
distances  of  a  given  group  of  material  points  from  these 
planes,  is  termed  the  centre  of  inertia  of  the  given  groug.  As 
a  point  so  situated  with  respect  to  three  planes  at  right  angles 
to  each  other,  must  fulfil  the  condition  for  every  other  plane, 
the  centre  of  inertia  may  be  defined  as  that  point  the  dis- 
tance of  which  from  any  plane  whatever  is  equal  to  the  average 
distance  of  the  given  points  from  the  same  plane,  or  whose 
distance  from  any  plane  whatever  is  equal  to  the  sum  of  the 
products  of  each  mass,  into  its  distance  from  the  same  plane, 
divided  by  the  sum  of  the  masses.  Applied  to  a  material  system, 
the  points  may  be  connected,  as  in  a  single  body,  or  they  may 
be  detached ;  they  may  be  equal  or  unequal  in  mass,  but  in  the 
latter  case  the  greater  must  be  conceived  as  divided;  the  point 
may  fall  within  or  without  the  mass  or  masses  considered.  The 
moment  of  inertia  of  any  material  point  with  reference  to  any 
axis,  is  the  product  of  its  mass  and  the  square  of  its  distance 
from  the  axis ;  applied  to  a  system  of  material  points  it  indicates 
the  exact  energy  of  rotation  in  a  rotating  body.  The  term 
moment  of  inertia,  conventionally  used  with  reference  to  the 
section  of  a  beam,  &c,  signifies  the  moment  of  inertia  of  the) 
system  of  points  forming  the  surface  of  each  section,  about  the 
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neutral  axis  of  the  section :  the  neutral  axis  passes  through  the 
centre  of  gravity  of  the  section  (defined  in  Paragraph  26).  The 
moments  of  inertia  for  several  common  forms  of  section  are  as 
follows  : — 

Rectangle. — I  =  ^  x  5  x  ds ; 

Triangle.— I  =^x5^x(lJ,  +  1<P) ; 

Circle  (solid  beam). — I  =  ir4x3-14156; 

Circle  (hollow  beam).— I  =  \  x  3-14156  x  (r*  -  r-f) ; 

For  sections  whose  figures  are  similar,  or  are  parallel  projec- 
tions of  each  other,  the  moments  of  inertia  are  to  each  other  as 
the  breadths  and  as  the  cubes  of  the  depths  of  the  sections. 

33.  Velocity  is  termed  uniform  when  the  moving  body  moves 
over  equal  distances  in  equal  periods  of  time;  accelerated,  or 
retarded,  when  in  successive  equal  periods  of  time  the  distances 
travelled  are  successively  greater  or  less.  Variable  velocity  for 
any  instant  is  measured ;  by  the  mean  velocity  for  an  infinitely 
small  space  commenced  at  that  instant.  If  a  force  continue  to 
act  on  a  body  after  it  has  set  the  body  in  motion,  such  force  will 
continue  to  impress  still  further  motion  on  the  body,  and  the 
motion  is  thus  accelerated ;  this  is  the  case  with  a  body  falling 
tinder  the  influence  of  gravity,  in  each  succeeding  interval  of  time 
the  velocity  is  greater  from  the  continued  action  of  the  force. 
The  laws  of  the  composition  and  resolution  of  forces  described  in 
Sect.  I.,  apply  to  velocities— i.e.,  velocities  may  be  represented  by 
lines  representing  the  relative  distances  moved  over  in  equal 
times,  arrowheads  being  used  to  mark  the  direction  of  the  motion; 
these  lines  may  be  applied  as  described  in  Sect.  I.  The  velocities 
so  represented  may  be  compounded  into  resultant,  and  resolved 
into  component  velocities,  &c,  exactly  as  described  for  forces. 
Also,  if  for  a  force  a  velocity  be  substituted  (Paragraph  16),  the 
moment  of  a  velocity  about  a  point  may  be  obtained,  the  moment 
of  a  rectilineal  motion  with  respect  to  a  point  being  the  product 
of  its  length  and  the  distance  of  its  line  from  the  point,  as  defined 
for  a  force.  The  velocity  of  a  body  is  directly  as  the  force  which 
sets  it  in  motion  and  inversely  as  its  mass. 

34.  The  measure  of  a  force  is  the  quantity  of  motion  it  pro- 
duces in  a  unit  of  time;  this  quantity  of  motion  is  termed  the 
momentvmi ;  in  a  rigid  body  moving  without  rotation  it  is  directly 
as  the  product  of  the  velocity  and  the  mass  moving,  and  the 
force  is  said  to  communicate  to  the  body  a  momentum  equal  to 
this  product :  the  absolute  unit  of  force  is  founded  upon  this 
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principle.  The  moment  of  momentum  about  a  point  is  the  pro- 
duct of  the  momentum  and  the  perpendicular  distance  of  the  line 
of  motion  from  the  point.  The  sum  of  the  momenta  of  the  parts 
of  a  system  in  any  direction,  is  equal  to  the  momentum  in  the 
same  direction  of  a  mass  equal  to  the  sum  of  the  masses,  moving 
with  a  velocity  equal  to  the  velocity  of  the  centre  of  inertia  of 
the  system — i.  e.,  the  velocity  of  the  centre  of  inertia  in  any 
direction  is  the  mean  of  the  velocities  of  the  several  points  of 
the  system  in  the  same  direction. 

35.  Besides  the  modes  of  estimating  or  considering  force  given 
above,  there  is  one  other  mode — viz.,  by  the  work  a  force  can 
do ;  thus,  a  body  in  motton  is  said  to  possess  vis  viva,  force  vive, 
living  force,  kinetic  energy,  or  capacity  for  performing  work; 
and  this  work  must  be  distinguished  from  the  force  measured  by 
the  momentum  of  the  moving  mass.  A  force  is  said  to  do  work 
if  its  place  of  application  has  a  positive  component  motion  in  its 
direction;  and  the  work  done  is  measured  by  the  product  of  the 
force  and  this  component  motion.  The  work  done  during  an 
infinitely  small  displacement  of  the  point  of  application  of  a 
force,  is  termed  the  virtual  moment  of  the  force:  it  is  the 
product  of  the  resolved  part  of  the  force  in  the  direction  of  the 
displacement  and  the  displacement.  It  follows  that  unless  a 
force  produces  displacement  of  its  point  of  application  in  the 
direction  of  its  action  it  does  no  work ;  and  also,  when  the 
point  of  application  of  a  force  moves  only  perpendicularly  to  the 
line  of  action  of  the  force,  such  force  does  no  work.  Thus,  no 
work  is  done  against  gravity  when  a  weight  is  moved  horizon- 
tally, nor  between  a  pendulum  cord  and  bob,  nor  by  the  attrac- 
tion between  the  sun  and  a  planet  when  the  latter  moves  in  a 
circle  with  the  sun  as  centre,  although  in  all  these  cases  forces 
are  in  operation.  If  a  body  be  raised  from  the  earth  perpen- 
dicularly, or  in  the  direction  of  the  earth's  radius,  then  the  whole 
of  the  force  used  to  raise  the  body  is  used  to  do  work;  if  a  body 
be  raised  from  the  earth  obliquely,  or  a  planet  do  not  move  in  a 
circle  round  the  sun,  but  in  an  oblique  path,  by  which  its  distance 
from  the  sun  is  increased,  then  in  both  cases  work  is  done  against 
the  force  of  gravitation;  but  the  force  is  applied  obliquely,  and 
the  force  actually  applied  to  perform  work  is  the  resolved  part 
in  the  direction  of  the  force  of  gravity  in  each  case  respectively. 
For  the  force  required  to  move  a  body  obliquely  from  the  centre 
of  the  earth  against  the  force  of  gravity,  is  less  than  the  weight 
of  the  body  in  the  ratio  of  the  perpendicular  distance  moved  to 
the  length  of  the  path;  thus  the  amount  of  the  work  done  is 
the  same  whether  the  body  be  removed  from  the  earth  perpen- 
dicularly, or  removed  to  the  same  distance  by  an  oblique  path, 
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however  long.  It  should  be  remarked,  that  if  work  be  done  by 
a  force  acting  against  gravity  as  above,  then  if  the  body  so  raised 
be  permitted  to  fall  again  by  the  action  of  gravity  to  its  original 
level,  it  will  do  in  falling  just  as  much  work  as  was  performed 
in  raising  it;  for  in  raising  it  the  work  done  "was  measured  by 
the  force  multiplied  by  the  displacement  in  the  line  of  action  of 
gravity ;  and  if  the  body  be  suffered  to  fall,  then  the  work  done 
in  falling  is  measured  in  the  same  manner  by  the  force  of  gravity 
multiplied  by  the  displacement  in  the  line  of  action  of  gravity; 
for  in  each  case  the  displacement  is  equal,  but  in  opposite  direc- 
tions, and  the  forces  are  equal,  for  the  force  which  acted  to  raise 
the  body  must  have  been  equal  to  the  force  of  gravity  to  which 
it  was  opposed,  and  it  acted  in  an  opposite  direction ;  hence  the 
work  done  in  raising  the  body  may  be  said  to  be  stored  up  ready 
to  be  yielded  up  again  when  the  body  shall  be  permitted  to  fall 
to  its  original  position.  Gravity  is  chosen  in  the  examples  given, 
but  the  elasticity  or  expansive  force  of  steam,  of  springs,  or 
other  agencies,  may  be  readily  used  to  furnish  similar  examples; 
thus,  a  locomotive  engine  drawing  a  train  on  a  level  track  does 
no  work  in  opposition  to  the  force  of  gravity,  for  the  motion  of 
the  train  has  no  positive  component  in  the  line  of  action  of  they' 
earth's  attraction;  but  it  moves  the  train  against  the  resistance  of 
the  air  and  the  resistance  of  friction,  and  in  this  case  the  measure  of 
the  work  done  is  not  the  weight  of  the  train  multiplied  by  the 
distance  moved,  as  in  the  other  example,  but  it  is  measured  by 
the  force  actually  required  to  overcome  the  retarding  forces,  per 
unit  of  distance  multiplied  by  the  distance  travelled.  "When  a 
piece  of  india-rubber  is  stretched,  the  force  employed  does  work 
in  stretching  it;  so  long  as  it  be  kept  stretched  it  exerts  force 
opposite  to  the  force  which  keeps  it  extended,  but  such  force 
does  no  work;  if  the  cord  be  permitted  to  contract,  in  contract- 
ing the  force  with  which  it  contracts  performs  work  equal  in 
amount  to  the  work  performed  in  stretching  it,  the  work  in  each 
case  is  measured  by  the  product  of  the  force  exerted,  and  the 
distance  moved  through.  A  given  quantity  of  work  may  be 
performed  in  a  relatively  long  or  short  period  of  time;  the 
element  of  time  must  therefore  be  included  to  completely  deter- 
mine work,  for  upon  this  element  depends  what  may  be  termed 
the  intensity  of  the  work  performed — i.e.,  the  rate  at  which  it  is 
'done. 

36.  The  vis  viva  or  kinetic  energy  of  a  moving  body  is  pro- 
portional to  the  mass  of  the  body,  and  to  the  square  of  the 
velocity  of  its  motion ;  if  the  momentum,  force,  or  quantity  of 
motion  of  a  body  be  used  up  in  doing  work  by  raising  a  weight 
in  opposition  to  gravity  to  a  certain  height   (neglecting  the 
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resistance  of  the  air,  and  considering  only  gravity),  as  already  ex- 
plained, in  falling  from  this  height  again,  the  weight  raised  would 
acquire  under  the  action  of  gravity  exactly  its  original  velocity. 
The  velocity  a  body  must  have  to  cause  it  to  rise  to  a  given 
height,  is  precisely  that  velocity  it  would  acquire  in  falling  from 
that  height;  hut  the  height  is  in  both  cases  proportional  to  the 
square  of  the  velocity ;  or,  in  other  words,  its  kinetic  energy  is 
proportional  to  the  square  of  its  velocity,  as  already  stated.  The 
above  example  illustrates  the  difference  between  force  and  work, 
and  it  may  be  seen  to  be  true  when  work  is  done  against  the 
action  of  other  agencies  than  gravity.  Work  is  sometimes  im- 
properly described  as  forfle  acting  in  opposition  to  resistance,  but 
the  idea  of  force  involves  that  of  resistance.  The  essential  idea 
of  work  is  displacement  of  the  point  of  application  of  the  force. 
A  force  impresses  momentum  on  a  body  without  acting  through 
space ;  but  to  consider  the  work  a  force  can  do,  it  is  essential  to 
consider  it  as  acting  through  space;  for  the  work  is  measured  by 
the  product  of  the  force  and  the  displacement— i.e.,  the  space 
through  which  the  force  continues  its  action.  Kinetic  energy  or 
vis  viva  is  the  directly  proportionate  result  of  work.  If  work  be 
done  on  a  body  in  the  absence  of  other  forces  which  can  do  work 
or  have  work  done  against  them,  the  result  is  an  equivalent 
change  of  kinetic  energy.  If  work  be  done  against  such  forces, 
the  increase  of  kinetic  energy  is  less  than  in  the  former  case  by 
the  quantity  of  work  required  to  overcome  such  resistance;  but 
in  this  case  the  body  is  endowed  with  an  equivalent  potential 
energy,  as  in  the  examples  given  of  the  opposition  of  gravity. 

37.  The  absolute  unit  of  force  being  that  force  which  would 
bestow  a  unit  velocity  on  a  unit  mass  in  a  unit  time,  and  the 
work  it  would  do  being  as  the  square  of  the  velocity,  which  in 
this  case  is  unity,  the  absolute  unit  force  is  that  force  which 
does  a  unit  of  work  in  a  unit  of  time.  Thus,  if  a  body  weighing 
10  lbs.  have  a  velocity  of  5  feet  per  second,  it  would  do 
52  x  10  =  250  absolute  units  of  work — i.e.,  compared  with  gravity 
its  momentum  would  raise  250  times  half  an  ounce)  or  about 
7  lbs.  13  oz.,  1  foot  high  in  1  second  ;  in  other  words,  the  abso- 
lute unit  of  work  measured  in  gravity  is  the  work  required  to 
raise  about  half  an  ounoe  weight  1  foot  high  in  1  second.  The 
absolute  unit  is  used  in  scientific  investigations,  as  explained  for 
the  absolute  unit  force,  but,  as  in  that  case,  engineers  use  a 
gravity  unit  in  preference,  and  for  the  same  reasons.  The  unit 
of  work  employed  in  practice  by  British  engineers  is  termed  the 
foot-pound ;  it  is  the  work  requisite  to  raise  1  lb.  weight  1  foot 
high  in  1  second  ;  and  it  is  in  terms  of  this  unit  that  the 
efficiency  of  machines,  the  vis  viva  of  moving  bodies,  &c,  are 
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expressed — e.g.,  the  efficiency  of  steam  engines  is  expressed  in 
horse  power,  one  horse  power  being  equal  to  33,000  units  of 
work  per  minute,  or  the  work  expended  in  lifting  33,000  lbs. 
1  foot  high  each  minute. 

38.  The  work  done  by  a  force  or  couple  in  turning  a  body 
about  an  axis  is  the  product  of  the  moment  of  either,  and  the 
value  of  the  angle  in  circular  measure  through  which  the  body 
is  turned,  provided  the  moment  remains  the  same  in  all  positions 
of  the  body.  If  the  moment  be  variable,  then  the  above  is  true 
only  for  infinitely  small  displacements,  and  the. work  done  may 
in  this  case  be  ascertained  by  taking  the  average  moment. , 


Section  III. — Friction. 

39.  Friction  is  that  force  which  acts  between  bodies  at  their 
surfaces  of  contact  to  resist:  their  sliding  on  each  other.  The 
principal  laws  of  this  force  are  as  follows  : — It  is  simply  propor- 
tional to  the  force  with. which  the  bodies  are  pressed  together, 
provided  the  pressure  be  not  so  great,  compared  with  the  area 
of  the  surfaces  in  contact,  as  to  indent  or  abrade  either  body,  the 
pressure  acting:  at  right  angles  to  the  surfaces.  .  It  varies  with 
the  nature  of  the  surfaces  in  contact.  .  The  relation  between  the 
friction  and  the  pressure  for  a  given  pair  of  surfaces  is  termed 

•  the :  co-efficient  of .  friction  for  that  pair  of  surfaces — e.g.,  the 
friction  between  two  surfaces  of  cast  iron,  without  any  lubricant, 
is  0'16  of  the  force  with. which  the  surfaces  are  pressed  together; 
hence  this  number. is  the  co-efficient  of  friction  for  these  surfaces 
under  the  given  condition.  It  is  independent  of  the  velocity  with 
which  the  surfaces  move,  if  they  be  moving  over  each  other,  but 
the  friction  between  bodies,  which  have  remained  some  time  at 
rest  in  contact  is  greater  than  that  between  the  same  surfaces 
when  in  motion ;  the  first  is  termed  the  friction  of  rest,  and  the 
second  the  friction  of  motion.  Slight  vibration  is  sufficient  to 
change  friction  of  rest  into  friction  of  motion,  hence  the  co- 
efficient of  the  latter  is  employed  in  practice.  It  is  independent 
of  the  area  of  the  surfaces  in  contact. 

40.  Between  fibrous  substances,  as  cloth,  friction  is  increased  by 
surface,  and  diminished  by  pressure  and  velocity;  it  is  generally 
greatest  with  soft,  and  least  with  hard  substances.     Between 
dissimilar  substances  the  measure  of  friction  is  determined  by  ' 
the  limit  of  abrasion  of  the  softer  substances. 

41.-  When  the  rubbing  surfaces  are  covered  with  an  unguent, 

as  oil  or  tallow,  the  friction  is  greatly  reduced  ;  it  does  not  then 

•vary  with  the   substances  rubbing,  but  with  the  nature  and 
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quantity  of  the  unguent  between  the  rubbing  surfaces.  The 
unguents  commonly  employed  are  oil,  oil  and  black  lead,  grease 
and  tar,  and  soap.  Grease  is  mixed  with  tar  to  prevent  it  being 
run  out  by  heat  ;  this  mixture,  sometimes  termed  cart  grease,  is 
used  for  cart  wheels.  Soap  is  a  good  lubricant  for  wooden  sur- 
faces, and  is  used  in  India  for  cart  wheels  having  wooden  axles, 
being  less  likely  to  run  than  fat.  Hog's  lard  and  oil  are  better 
lubricants  between  metal  surfaces  than  tallow.  The  following 
are  recipes  for  anti-friction  grease  : — 1.  Hog's  lard,  gutta  percha, 
and  black  lead;  2.  hog's  lard,  with  20  per  cent,  of  black  lead. 
Most  of  the  grease  manufactured  for  lubrication  is  unmixed 
with  black  lead,  but  it  k  made  alkaline.  '  The  layer  of  unguent 
should  be  continuous,  and  to.  gain  the  maximum  advantage  froni 
its  use  it  must  not  have  less  than  a  certain  thickness. 

42.  The  general  laws  .stated  above  apply,  to  the  friction  of 
axles  upon  their  •  bearings.  t  "With  the  exception  of  fibrous 
materials,  friction  is  generally  greater  between  the  same  material 
.than  between  different  materials,  and  is  greater  when  the  sur- 
faces are  very  smooth  than',  when  somewhat  rough ;  this  is 
attributed  by  some  authorities  to  the  action' of  cohesion. 

43.  When  a  body  is  placed  on  an  inclined  plane  it  has  a  ten- 
dency to  slide  down  the  plane ;  the  force  which  resists  this  ten- 
dency is  the  friction  between  the  two  surfaces  in  contact.  If  fig. 
,9  represents  a; body,  on  , 
an  inclined  plane,  it  is  evi- 
dent the  weight  of  the  body 
may  be  resolved  into  two 
components,  respectively 
parallel  and  perpendicu- 
lar to, the  inclined  plane 
ABC ;  the  parallel  com-' 
ponent  represents  the 
force  with  which  .  the 
body  tends  to  slide 
down,  the  perpendicular  Kg.  9. 

component  the  force  with 

which  the  body  is  pressed  against  the  inclined  surface.  The 
friction  between  the  surfaces  must  not  be  less  in  proportion  to 
the  pressure  applied  than  the  relation  between  ac  and  cb;  if 
it  be  less,  the  body  will  slide  down  the  inclined  plane.  If  the 
parallel  component  bears  the  ratio  to  the  perpendicular  com- 
ponent expressed  by  the  co-efficient  of  friction  for  the  particular 
materials  of  which  the  surfaces  are  in  contact,  the  bodywill  be 
on  the  point  of  sliding  down,  and  the  angle  abc  or  ABC  is 
termed  the  angle  of  repose  (sometimes  the  angle  of  friction). 


---is 
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As  ab  and  ad  are  perpendicular  to  CB  and  AB  respectively,  the 
angles  ABC  and  abc  are  equal.  When  about  to  slide,  — =-  equals 
the  co-efficient  of  friction  for  the  particular  surfaces  employed, 
but  — j-  =  the  tangent  of  the  angle  ABC ;  hence  the  angle  of 

CO 

repose  for  any  Wo  substances  is  that  angle  the  tangent  of 
■which  is  equal  to  their  co-efficient  of  friction.  If  this  angle  be 
exceeded  in  an  inclined  surface,  the  friction  will  be  insufficient 
to  maintain  the  body  at  rest,  and  it  will  slide.  A  table  of 
co-efficients  of  friction  and  angles  of  repose  is  given  in  Para- 
graph 49.  •» 

44.  The  angle  of  repose  is  of  great  importance  in  forming 
banks  of  earth  or  sand,  in  building  blockwork  structures,  &c. 
If  a  bank  be  made  with  a  greater  slope  than  the  angle  of  repose, 
the  earth  will  slip  until  the  angle  is  reduced  to  that  of  repose, 
unless  other  forces  than  friction  resist  the  tendency  to  slip.  The 
stability  due  to  friction  between  surfaces  in  contact  is  termed  the 
stability  of  friction ;  in  the  case  of  loose  earth  and  sand,  water 
in  small  quantity  somewhat  increases  the  co-efficient  of  friction, 
but  in  large  quantity  it  acts  as  an  unguent,  and  tends  to  destroy 
frictional  stability  entirely,  in  which  case  cohesion  alone  resists 
the  tendency  to  change  of  form. 

45.  In  drawing  a  carriage  on  a  horizontal  roadthe  angle  of  the 
direction  of  the  draught  (the  traces)  with  the  road,  termed  the 
angle  of  traction,  should  not  evidently  be  greater  than  the  angle 
of  repose;  but  obliquity  of  draught  within  this  limit  is  advan- 
tageous. The  following  ratios  of  slopes  for  vehicles,  being  the 
angles  of  repose,  or  the  most  advantageous  angles  of  draught  on" 
horizontal  roads,  are  given  as  likely  to  prove  useful : — Wheels 
with  iron  tires — road,  sand  and  gravel,  1  in  16;  broken  stone 
(ordinary),  1  in  25;  condition  perfect,  1  in  67;  well  made  pave- 
ment, 1  in  71;  oaken  planks  (not  planed),  1  in  98;  stone  track- 
way (well  laid),  1  in  179;  railway,  1  in  280;  iron  shod  sledge  on 
hard  snow,  1  in  30. 

46.  If  a  rope  be  twisted  round  a  cylindrical  body,  as  a  post  or 
tree,  the  friction  is  so  considerable  that,  with  one  complete  turn 
round  a  smooth  cylinder,  a  tension  of  1  unit  on  one  end  of  the 
rope  will  balance  about  9  units  on  the  other  end;  with  two  turns 
1  unit  tension,  applied  at  one  end,  will  balance  9  x  9  =  81  units 
on  the  other  end;  and  generally,  as  the  number  of  turns  is 
increased  in  arithmetical  progression,  the  advantage  due  to 
friction  increases  in  geometrical  progression.  This  fact  is  applied 
in  lowering  heavy  weights,  and  generally  to  gain  control  over  a 
rope  subjected  to  tension,  when  the  force  at  command  is  small 
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compared  -with,  the  tension  on  the  rope.  It  explains  the  efficiency 
of  a  knot  in  a  rope,  in  which  case  the  rope  is  bent  round  itself, 
the  friction  being  rendered  still  greater  by  the  rough  and  yielding 
surfaces. 

47.  When  a  band  passes  round  a  drum,  as  in  driving  machinery 
by  a  band,  the  friction  is  dependent  on  the  angles  A,  C,  fig.  10, 
at  which  the  cord  meets  the  surfaces, 
or  the  angle  ABC,  and  the  co-efficient 
of  friction  only.  The  shape  and  size 
of  the  transverse  section  of  the  drum 
do  not  influence  the  friction;  but  in 
practice,  if  the  band  be  •tiff,  there  is 
probably  an  advantage  in  using  drums 
of  large  radius.  If  the  cord  or  band 
pass  completely  round  the  drum,  the 
friction,  as  in  the  last  case,  is  inde- 
pendent of  the  size  and  form  of  the  Fig.  10. 

section  of  the  pulley  or  drum;   it  is 

dependent  only  on  the  co-efficient  of  friction  for  the  particular 
materials  employed.  When  a  pulley  or  drum  is  turned  by  a 
band,  the  friction  increases  the  strain  on  the  band  on  one  side  of 
the  pulley,  and  diminishes  that  on  the  other  side;  the  sum  of  the 
tensions  is  constant,  the  tension  on  one  side  being  increased  by 
just  as  much  as  that  on  the  other  is  diminished. 

48.  Friction  is  the  agent  to  which  is  due  the  efficiency  of  the 
arrangements  for  stopping  machinery,  termed  brakes.  The  most 
common  form  of  brake  is  formed  of  blocks  of  hard  wood,  fixed  on 
an  iron  strap  or  arm,  passing  round  the  whole,  or  a  portion  of 
the  circumference  of  the  wheel  to  be  acted  upon,  and  admitting 
of  being  tightened  on  the  wheel  by  suitable  levers  or  screws. 
The  form  termed  "  Appold's  brake"  is  that  commonly  introduced 
into  cable-laying  machinery,  for  controlling  the  rate  at  which  the 
cable  leaves  the  ship  during  the  process  of  paying  out.  The 
principle  is  as  follows :— A,  fig.  11,  represents  a  wheel  the 
motion  of  which  is  to  be  reduced  by 
friction  on  its  circumference,  a  strap 
of  iron  DEO  'passes  completely  round, 
the  wheel  A,  the  ends  of  this  strap 
DC  are  attached  to  a  lever  AB,  mov- 
able about  A,  the  end  C  being  fixed 
to  the  lever  farther  from  its  fulcrum 
A,  than  the  end  D.     If  the  end  B  of  Fig.  11. 

the  lever  AB  be  depressed,  the  strap 

is  evidently  tightened  on  the  circumference  of  the  wheel;  if 

B  be  raised,  the  strap  is  loosened ;  for,  in  either  case,  the  end 
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C  being  farther  than  D  from  the  point  A,  it '  moves  through 
a  greater  distance  for  a  given  movement  of  B.'  The  arrange- 
ment is  in  a  great  measure  automatic:  if  a  weight  be  sus- 
pended to  B,  it  will  cause  the  strap  to  press  against  the  circum- 
ference of  the  wheel  with  a  force  dependent  on  the  weight  at  B, 
the  length  of  the  lever  AB,  the  distances  AD,  AC,  and  the  nature 
of  the  surfaces  in  contact ;.  if  from  any  cause  the  friction  between 
the  wheel  and  strap  increases,  the  weight  at  B  is  lifted  thereby, 
and  the  pressure  diminished ;  if  the  friction  decrease,  the  weight 
falls'slightly,  tightens  the  strap,  and  increases  the  friction;  hence 
the  effect  of  the  arrangement  is  to  act  as  a  constant  force  acting 
to  retard. the  motion  of  the  wheel  A  on  its  axis.  This  regularity 
of  action  has  led  to  the  adoption  of  this  form  of  brake  for  laying 
cables.  The  cable  passes  several  times  round  one  or  more  grooved 
drums,  generally  two,  and  the  weight  of  the  cable  hanging  in  the 
sea  over  the  stern  of  the  vessel  causes  the  drums  to  revolve  and 
the  cable  to  run  out;  to  control  the  revolutions  of  the  drum,  and 
prevent  the  cable  from  running  out  too  rapidly,  an  Appold's 
brake  is  applied  to  the  edge  of  a  wheel  rigidly  fixed  on  the  same 
axis  as  the  drum;  the  iron  strap  does  not  press  directly  on  the 
drum,  it  is  lined  with  blocks  of  hard  wood,  through  which  the 
pressure  is  communicated.  Instead  of  a  weight  being  attached 
at  B,  in  the  most  perfect  machinery  B  is  connected  with  a  piston 
moving  in  a  hydraulic  cylinder,  and  the  brake  is  tightened  or 
loosened  by  putting  pressure  on  the  upper  or  lower  surface  of 
the  piston. 

49.  The  co-efficients  of  friction  of  motion  for  a  few  frequently 
occurring  cases,  are  as  follows  : — 


Iron  on  stone, 
Timber  on  timber,    . 
Timber  on  metals,    . 
Metals  on  metals, 
Earth  on  earth, 

„      „    wet  clay,    . 

„      „    shingle  and  gravel, 
Smooth  surfaces. greased, 
Smoothest  and  best  greased  surfaces, 


•3  to  -7 
•2  to  -5 
•2  to  -6 
■i  to  -25 
•25  to  1-0 
■31 

■7  to  1-11 
•05  to  -08 
•03  to    -036 


As  already  stated,  the  angle  of  repose  is  that  angle  the  tangent 
of  which  is  equal  to  the  co-efficient  of  friction.  In  practice,  the 
angle  of  repose  is  expressed  as  in  Paragraph  36— i.e.,  by  the 
ratio  between  the  vertical  rise  and  the  horizontal  distance,  or  as 
the  tangent  in  the  angle  of  repose  to  1 ;  thus,  the  angle  of  repose 
for  earth  on  earth,  in  common  language,  is  a  rise  of  1  in  4  to  1 
in  1.     [Tide  table  above.) 


CHAPTER  II. 

GENERAL  PRINCIPLES  OF  STRENGTH  OF  MATERIALS. 

Section  I. — Definitions — General  notice  of  Strength,  Elasticity,  &c. 

50.  The  external  forces  acting  on  a  structure,  or  part  of  a 
structure,  constitute  the  load  on  the  structure  or  part.  The  load 
produces  more  or  less  alteration  of  volume  and  figure  in  the  piece 
of  material  acted  upon— rthis  is  termed  sprain;  it  may  be  expressed 
by  the  quotient  obtained  by  dividing  the  alteration  of  some 
dimension  of  the  body  by  the  original  length  of  that  dimension. 
Stress  is  the  force  with  which  the  piece  of  material  resists  the 

,  tendency  of  the  load  to  strain  and  fracture  it ;  it  is  the  force 
exerted  between  the  particles  of  material  which  resists  the  load, 
and  is  necessarily  equal  to  the  load.  The  intensity  of  stress  is 
represented  by  the  quotient  obtained  by  dividing  the  total  stress 
expressed  in  units  of  weight,  by  the  extent  of  the  surface  over- 
which  it  is  distributed,  expressed  in  units  of  area — e.  g.,  it  may 
be  expressed  as  so  many  tons  or  pounds  on  the  square  inch  or 
foot  of  the  sectional  area  of  the  material,  as  explained  for  dis- 
tributed forces  generally  (Paragraph  24). '  That  property  of  a  solid 
of  resisting  forces  tending  to  change  its  figure  is  termed  rigidity 
or  stiffness;  it  is  expressed  as  a  co-eflicient  or  modulus  of  stiffness 
by  the  ratio  of  the  intensity  of  the  stress  to  the  strain.  The 
reciprocal  of  the  co-efficient  of  rigidity  is  the  co-efficient  or 
modulus  of  pliability.  The  term  "elastic  flexibility"  is  applied  to 
signify  the  extent  to  which  a  body  may  be  strained  without 
suffering  fracture — e.  g.,  vulcanised  india  rubber  is  the  most 
elastically  flexible  of  known  bodies. 

51.  The  property  of  stiffness,. together  with  that  of  regaining 
more  or  less  completely  its  original  form  and  volume  on  removal 
of  the  load  producing  strain,  is  termed  elasticity.  If  the  return 
to  its  original  dimensions  be,  complete,  the  solid  is  said  to  be 
perfectly  elastic ;  if  any  permanent  alteration  in  figure  remain 
after  the  withdrawal  of  the  straining  force,  this  alteration  is 
termed  a  set,  and  the  body  is  said  to  be  imperfectly  elastic.  No 
substance  is  perfectly  elastic;  like  electrical  conductivity,  and 
many  other. qualities  of  bodies,  elasticity  is  never  absent,  but  is 
always  imperfect.  It  is,  however,  sensibly  perfect  if  the  stress 
be  restricted  within  narrow  limits,  and  nearly  perfect  up  to  a 
certain  limit,  sometimes  termed  the  limit  of  elasticity,  or  of 
perfect  elasticity.  Co-efficients  and  moduli  of  elasticity  measure 
the   stiffness   only  within  those   limits   of  stress   wherein  the 
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elasticity  is  sensibly  perfect ;  when  so  limited,  the  strain  is 
directly  proportional  to  the  stress.  The  co-efficient  of  elasticity 
is  the  strain  produced  by  a  unit  load  (1  lb.),  acting  on  a  piece 
of  material  of  a  unit  transverse  sectional  area  and  a  unit  length ; 
the  modulus  of  elasticity  is  the  reciprocal  of  the  co-efficient.  It 
will  be  evident,  on  consideration,  that  the  modulus  of  elasticity 
of  a  piece  of  material,  for  its  resistance  to  stretching  or  com- 
pression, represents  the  force  per  unit  of  transverse  area  required 
to  stretch  or  compress  it  respectively  through  a  range  equal  to 
its  original  length.  The  moduli  of  elasticity  given  in  books  are 
those  for  direct  elasticity,  or  resistance  to  stretching  and  to  com- 
pressing forces,  which  are  sensibly  equal  for  the  same  material 
within  the  limits  of  elasticity;  and  transverse  elasticity,  or  resist- 
ance to  distortion.  The  greatest  number  of  experiments  Lave 
been  made  on  the  resistance  of  bodies  to  lengthening,  and  this 
is,  as  a  rule,  referred  to  in  tables ;  the  co-efficient  of  transverse 
elasticity  has  been  obtained  by  experiment  for  very  few  substances 
only.  As  already  stated,  moduli  of  stiffness  are  the  relation 
between  the  intensity  of  the  stress  and  the  consequent  strain 
(Paragraph  50);  moduli  of  elasticity  are  simply  moduli  of  stiffness 
when  the  stress  is  so  limited,  that  the  elasticity  is  sensibly  perfect. 
Moduli  or  co-efficients  of  elasticity  given  in  tables,  are  generally 
expressed  as  the  number  of  pounds  pressure  per  square  inch  of 
section,  which  would  compress  or  stretch  the  body  through  a 
distance  equal  to  the  original  length  of  the  body  itself  (which,  as 
we  have  seen,  is  equal  to  the  reciprocal  of  the  co-efficient  of 
elasticity),  the  elasticity  being  assumed  perfect — e.  g.,  if  a  stress 
of  50  lbs.  per  square  inch  compressed  or  elongated  a  body 
through  one-tenth  of  its  length  within  limits  of  perfect  elas- 
ticity, then  500  lbs.  per  square  inch  would  at  the  same 
ratio  compress  or  elongate  it  through  a  length  equal  its  own 
length,  and  500  lbs.  per  square  inch  would  be  its  modulus  of 
elasticity,  which,  it  is  evident,  is  a  purely  hypothetical  quantity, 
having  no  possibility  of  existence  in  reality.  Caoutchouc  is  the 
only  substance  which  can  be  so  stretched  without  fracture. 
British  engineers  use  the  British  units ;  French  engineers  express 
moduli  of  elasticity  in  kilogrammes  pressure  per  square  millimetre 
of  transverse  sectional  area,  as  explained  for  distributed  forces 
generally.  Moduli  of  elasticity  and  strength  are  sometimes 
expressed  in  heights  or  lengths  of  the  material  itself.  These  heights 
or  lengths  signify  the  height  or  length  of  the  column  of  the 
material  which  would  weigh  as  much  per  unit  of  sectional  area 
as  the  modulus — e.  g.,  if  the  modulus  of  elasticity  were  500  lbs.  per 
square  inch,  and  a  cubic  inch  of  the  material  weighed  1  ounce,  a 
column  sixteen  times  500,  or  8000  inches  high,  and  1  square  inch 
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cross  section,  would  weigh  500  lbs.;  a  column  666-6  feet  would 
press  on  its  base  500  lbs.  per  square  inch,  and  the  height  of  the 
modulus  of  the  material  would  be  thus  666-6  feet.  As  there  is 
no  necessary  connection  between  the  elasticity  or  strength  of  a 
solid  and  its  density,  this  mode  of  expressing  the  moduli  is  of 
very  limited  application  in  practice.  Tables  of  moduli  of  elasticity 
used  in  practice  refer  to  resistance  to  direct  stretching;  resistance 
to  compression  is  more  difficult  to  ascertain,  and  would  be  of  less 
utility,  the  phenomena  being  more  complex. 

52.  It  was  supposed  that  no  set  was  produced  by  loads  within 
the  limit  of  elasticity,  but  it  is  now.  known  that  loads  well  within 
this  limit  do- cause  a  set,*  and  it  is  highly  probable  that  every 
load,  however  small,  causes  a  set  on  its  first  application,  the 
set  in  the  case  of  a  relatively  small  load  being  inappreciable. 
The  set  due  to  the  action  of  a  load  within  the  limit  of  elasticity, 
is  not  increased  by  repeated  applications  of  the  load  ;  and,  after 
having  received  such  a  set,  the  material  is  more  'perfectly  elastic 
for  loads  not  exceeding  that  which  produced  the  set.  If  a  load 
exceed  the  limit  of  elasticity  of  the  material,  repeated  applications 
of  the  same  load  cause  an  increasing  set,  until  the  material  is 
either  fractured  or  fails  by  being  distorted  so  much  as  to  become 
useless.  The  limit  of  elasticity,  or  of  perfect  elasticity,  the 
elastic  strength  or  the  proof  strength,  of  a  piece  of  material,  is 
now  more  correctly  defined  as  the  greatest  stress  it  will  bear 
without  injury — i.e.,  the  greatest  stress  which  does  not  produce 
an  increasing  set  on  repeated  application.  Hard,  vitreous,  and 
earthy  bodies,  as  glass,  bricks,  &c,  are  brittle ;  they  appear 
elastic  through  the  whole  extent  of  their  cohesion,  they  take  no 
set,  and  fail  without  exhibiting  the  phenomenon  of  strain. 

53.  The  load  producing  the  proof  stress  is  termed  the  proof 
load.  For  loads  exceeding  the  proof  load  the  strain  is  not  pro- 
portional to  the  stress  producing  it,  but  increases  in  a  much  faster 
ratio  than  the  stress ;  when  the  load  exceeds  the  proof  load,  an 
addition  of  one-eighth  of  the  ultimate  load  may  double  the  strain. 
The  breaking  load,  or  ultimate  strength  of  a  body,  is  the  force 
required  to  fracture  it  in  some  specified  way,  as  tearing,  crushing, 
&c.  The  load  borne  by  a  piece  of  material  in  practice  is  termed 
the  working  load ;  it  is  made  less  than  the  proof  load  in  a  certain 
ratio  determined  by  experience,  to  allow  for  imperfections  of 
workmanship,  of  materials,  and  other  contingencies.  The  ratio  in 
which  the  breaking  load  exceeds  the  working  load  is  termed  the 
factor  of  safety — e.g.,  if  a  structure  be  so  constructed  that  its 
ultimate  load  is  four  times  the  greatest  load  it  can  ever  bear  in 
practice,  its  factor  of  safety  is  said  to  be  four.  The  safe-working 
load  does  not  exceed  the  proof  load,  it  lies  generally  considerably 
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■within  it ;  and  in  some  substances  but  a  small  proportion  of  their 
strength  is  available  by  reason  of  their  great  pliability. 

54.  In  testing  materials  the  load  is  gradually  increased  from  0 
to  its  maximum ;  when  the  proof  or  ultimate  load  is  mentioned, 
it  is  always  assumed  that  the  load  is  added  gradually,  without 
vibration  or  impact ;  in  this  case  the  load  is  termed  a  dead  load. 
If,  instead  of  increasing  from  0  to  its  maximum,  the  load  be 
applied  at  once,  the  strain  immediately  on  application  of  the 
load  is  double  that  the  same  load  would  cause  if  applied  gradually. 
A  load  applied  suddenly  is  termed  a  live  load;  and  the  factor  of 
safety  to  resist  a  live  load  must  be  made  double  that  to  resist  the 
action  of  a  dead  load.  If  the  load  be  mixed,  then  each  portion 
must  be  multiplied  by  its  own  factor  of  safety,  that  of  the  live 
portion  being  made  double  that  for  the  dead  portion ;  in  other 
words,  if  the  load  or  any  portion  of  it  is  borne  continuously,  or 
applied  gradually,  the  strength  of  material  required  to  resist  the 
action  of  such  load  or  part  need  be  only  half  that  requisite  to 
bear  the  same  load  or  part  of  it,  if  suddenly  applied.  Structures 
required  to  bear  the  application  of  a  suddenly  applied  load,  are 
made  twice  as  strong  as  similar  structures  required  to  bear  a 
dead  load. 

55.  The  period  during  which  a  load  is  applied  influences  its 
effect  on  the  material ;  a  relatively  small  load  applied  for  a  con- 
siderable time  may  produce  a  sensible  set ;  whereas,  a  much 
greater  load  applied  for  a  short  time  may  have  no  such  effect 
A  load  equal  to  three  quarters  of  the  breaking  load,  and  therefore 
considerably  beyond  the  proof  load,  has  been  applied  to  an  iron 
beam  for  a  short  time  without  causing  appreciable  set.  A  load 
does  not  produce  its  ultimate  set  the  instant  it  is  applied,  time 
is  necessary  to  admit  of  the  set  acquiring  its  maximum ;  thus,  a 
bar  of  iron  may  be  snapped  suddenly,  producing  a  scarcely 
appreciable  set ;  whereas  a  considerable  set  might  be  produced 
by  a  smaller  load  suffered  to  act  so  as  to  break  the  bar  slowly. 
This  fact  is  of  great  importance  in  testing  materials  to  be  after- 
wards employed  in  construction ;  but,  as  a  rule,  materials  to  be 
employed  must  not  be  tested  beyond  their  proof  strength.  If  a 
load  exceed  the  proof  load  by  a  small  amount  only,  the  piece  of 
material  may  not  fail  until  after  a  considerable  lapse  of  time,  or 
thousands  of  different  applications  6f  the  load ;  hence  weakness 
of  a  structure  may  not  appear  until  long  after  the  structure  has 
been  in  use — the  mere  fact  that  it  fulfils  its  purpose  at  first  is 
alone  no  proof  that  it  will  continue  to  do  so  without  accident. 
This  explains  why  structures  sometimes  fail  after  having 
apparently  afforded  proof  of  sufficient  strength,  by  resisting 
successfully  for  a  long  period  the  load  under  which  they  ulti- 
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mately  fail ;  and  why  telegraph  spans  break  occasionally  without 
apparent  cause. 

56.  If  a  load  be  applied  with  impact  and  vibration,  a  smaller 
load  will  suffice  to  produce  fracture  than  if  the  load  be  applied 
without  shock  or  vibration.  Vibration  is  most  destructive  when 
the  vibratory  motion  is  caused  to  accumulate  by  the  application 
of  shocks  at  regular  intervals  of  time  ;  a  suspension  bridge  and 
a  tight  span  of  telegraph  wire  are  caused  to  vibrate  by  gales  of 
wind,  which  for  this  reason  may  prove  destructive  to  such 
structures  if  not  provided  against.  Such  being  the  effect  of 
vibration  and  shocks,  it  is  evident  stiffness  is  an  important 
element  in  estimating  strength.  For  this  reason  it  is  frequently 
necessary  either  to  use  more  material  than  mere  strength  apart 
from  stiffness  requires,  or  to  dispose  material  in  other  than  the 
strongest  manner,  in  order  to  gain  sufficient  stiffness.  It  is 
evident,  also,  if  a  piece  of  material  be  too  stiff,  it  may  be  frac- 
tured by  reason  of  its  want  of  power  to  absorb  the  force  of  a 
shock  by  its  elasticity. 

57.  The  energy  or  quantity  of  mechanical  work  of  the  greatest 
shock  a  piece  of  material  will  bear  without  injury — i.e.,  of  the 
shock  which  will  produce  the  proof  strain — is  termed  its  resilience 

or  spring.     If  E  be  the  modulus  of  elasticity,  =  will  be  the 

JCi 

co-efficient  of  elasticity.     Let  I  represent  the  proof  load  per  unit 

of  section,  then  the  total  elongation  under  this  load  will  be  =,  and 

Ix 
for  a  bar  originally  of  the  length  x,  =,  and  this  represents  the 

distance  through  which  the  force  of  the  load  acts  in  stretching 

the  bar  to  its  proof  strain.     If  s  be  the  area  of  cross  section  of 

the  bar,  the  load  being  applied  gradually  will  vary  between  0  and 

Is 
Is,  and  its  mean  will  be  ■=-;  the  work  done  in  stretching  the  bar 

£1 

to  the  proof  strain  will  be — 

Is    Ix      I2    sx 

i.e.,  the  resilience  of  the  bar  is  obtained  by  multiplying  half  its 

mass  by  the  quotient  obtained  by  dividing  the  proof  tenacity  by 

I2 
the  modulus  of  elasticity.     The  factor  -==,  is  termed  the  modulus 

Is 
of  resilience ;  and  it  is  evident  a  suddenly  applied  load  =  ■=-,  or 
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ialf  the  proof  load,  produces  double  the  strain  it  -would  produce 
if  gradually  increased  from  0  to  its  maximum  (Paragraph  54). 
Jf  therefore  half  or  nearly  half  the  proof  load  fee  suddenly 
applied,  it  •will  produce  the  proof  strain.  In  producing  this 
strain  the  load  will  move  through  the  distance  the  material  is 
strained  through,  acting  in  opposition  to  the  stress  of  the 
material ;  the  work  done  by  such  load  in  straining  the  material 
is  therefore  the  load  multiplied  by  the  distance  it  moves 
through  in  producing  the  proof  strain.  This  work,  measuring 
the  energy  requisite  to  produce  the  proof  strain,  is  the  resilience 
or  spring  of  the  particular  piece  of  material.  In  other  words, 
the  resilience  is  equal  to  the  proof  strain,  multiplied  by  the 
mean  load,  which  acts  to  produce  that  strain.  The  resilience  of 
materials  is  of  great  importance  in  estimating  the  strength  of 
structures  liable  to  shocks.  The  quantity  of  work  in  the  greatest 
shock  to  which  the  material  is  liable  in  use,  and  its  resilience, 
should  in  such  cases  be  compared,  and  provision  made  to  ensure 
that  the  elasticity  of  the  material  be  not  impaired  by  the  shocks 
which  it  is  required  to  successfully  resist.  In  practice  resilience 
is  considered  with  reference  to  tension ;  it  might  be  considered 
with  reference  to  compression,  but  from  the  complexity  of  the 
phenomenon  of  crushing  it  would  be  of  little  practical  utility. 

58.  Conditions  are  frequently  imposed  by  the  nature  of  a 
material  which  prevent  such  material  being  employed  to  the 
greatest  theoretical  advantage — e.  g.,  metals  may  be  fashioned 
into  hollow  forms,  whereas  in  wood  such  forms  are  obviously 
inadmissible.  This  is  one  of  the  reasons  why  the  metals  have 
superseded  wood  for  so  many  purposes,  although  iron  is  so 
much  heavier  specifically  than  wood ;  ships'  masts  and  spars,  for 
instance,  may  be  made  stronger,  and  yet  lighter,  of  iron  than 
"wood.  Conditions  are  also  frequently  imposed  by  the  mode  in 
•which  materials  are  worked,  which  prevent  the  strongest  form 
being  imparted  to  a  given  mass — i.  e.,  render  it  necessary  to  use 
more  of  the  material  than  strength  requires;  e.g.,  in  casting 
metals,  great  and  sudden  inequalities  of  thickness  have  to  be 
carefully  avoided,  because  the  thin  metal  would  cool  so  much 
quicker  than  the  thick,  that  the  casting  would  either  be  fractured 
in  cooling,  or  so  weakened  as  to  be  rendered  unsafe.  It  is  evident 
a  knowledge  of  the  operations  by  which  materials'  are  worked  is 
necessary  to  the  engineer. 

59.  The  existence  of  slight  defects,  the  greater  difficulty  of 
working,  and  of  obtaining  large  masses  of  uniform  good  quality 
throughout,  cause  large  pieces  of  material  to  be  weaker  relatively 
than  small  pieces  of  the  same  material;  hence,  where  admissible,- 
it  is  more  economical  and  safer  to  use  small  rather  than  large 
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masses.  The  strength  of  a  model  of  small  size  is  proportionately- 
much  greater,  therefore,  than  a  similar  structure  of  working  size; 
therefore  the  strength  of  a  projected  structure  cannot  be  directly- 
deduced  from  the  strength  of  such  a  model. 

60.  The  effect  of  increase  of  temperature  is  generally  to  reduce 
the  elasticity  of  solids,  causing  them  to  become  softer  and  weaker. 

61.  When  a  piece  of  material  is  loaded  in  such  a  manner  that 
the  weight  of  the  material  itself  acts  in  the  same  direction  as  the 
external  load,  then  this  weight  must  be  considered  part  of  the 
load,  and  added  to  the  external  load  to  obtain  the  gross  load.  In 
estimating  the  strengtii  of  a  given  solid,  the  gross  load  must 
always  be  considered.  If  the  weight  of  the  material  form  part 
of  the  gross  load,  the  strength  in  similar  bodies  does  not  increase 
in  proportion  to  the  increased  weight  of  the  material  if  the 
dimensions  of  the  body  be  increased.  In  such  case,  the  larger 
the  piece  of  material  the  greater  the  proportion  of  its  strength 
used  up  in  supporting  its  own  weight,  and  the  smaller  the 
external  load  it  will  bear  safely  compared  with  its  dimensions, 
until,  with  a  certain  dimension,  it  will  only  bear  its  own  weight. 
This  is  termed  the  limiting  dimension;  thus  the  limiting  length 
of  a  beam,  or  the  limiting  height  of  a  column,  is  that  length  or 
height  of  the  particular  material  at  which  the  material  itself 
would  be  equal  to  the  ultimate  load  of  the  beam  or  column 
respectively,  or  the  beam  or  column  would  support  no  external 
load.  The  limiting  span  of  a  wire  is  that  span  which,  with  the 
least  possible  tension,  the  wire  would  be  at  the  point  of  rupture. 
It  is  manifest,  in  the  examples  given,  that  the  transverse  dimen- 
sions do  not  affect  in  any  way  the  limiting  lengths ;  the  latter 
are  invariable  for  the  same  material,  and  depend  on  the  relation 
between  the  heaviness  and  strength  of  the  particular  material. 
Hence  there  is  a  limit  to  size  in  construction  imposed  by  the 
ratio  between  the  strength  of  the  material  and  its  heaviness. 

62.  It  is  usual  to  consider  the  external  load  only  as  a  preli- 
minary in  designing  structures,  and  by  the  term  load  this  is 
generally  referred  to.  If  the  weight  of  the  piece  of  material  is 
small  compared  with  its  load,  this  weight  may  be  neglected;  in 
all  other  cases  it  must  be  considered  and  provided  for;  in  no  case 
should  it  be  entirely  overlooked.  The  method  stated  above, 
which  is  that  of  false  position,  is  of  great  use  in  simplifying  the 
work  of  designing,  and  is  very  generally  used  by  engineers.  It 
is  manifestly  much  easier  to  fix  the  dimensions  of  materials  pro- 
visionally, then  examine  and  modify  them  until  the  correct 
dimensions  are  arrived  at,  than  to  endeavour  to  calculate  directly 
the  necessary  dimensions  from  complex  data. 

63.  In  examining  surfaces  of  fracture  to  ascertain  the  mole- 
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cular  structure  of  a  piece  of  material,  it  is  necessary  to  con- 
sider the  degree  of  suddenness  with  which  the  force  acted  which 
produced  the  fracture;  if  this  acted  gradually,  the  fractured  sur- 
face of  a  fibrous  body  will  shew  the  fibrous  structure;  but  if  the 
force  acted  very  suddenly,  the  fibrous  appearance  may  not  be 
developed,  and  the  material  may  be  wrongly  judged  to  be  granular 
in  structure. 

64.  Moduli  of  strength  are  expressions  for  the  ixltimate  stress 
per  unit  of  sectional  area  of  the  layer  which  first  begins  to 
yield,  the  force  being  applied  in  a  given  manner;  they  are  some- 
times expressed  in  length  of  the  material  itself.  There  are  as 
many  moduli  of  elasticity,  resilience,  and  strength  for  each 
material,  as  there  are  modes  of  applying  force  to  strain  it.  The 
moduli  have  generally  different  values  for  the  same  material, 
according  to  the  manner  of  application  of  the  straining  force — 
e.g.,  the  strength  of  a  material  to  resist  tension  bears  no  neces- 
sary relation  to  its  power  to  resist  compression.  Cast  iron,  for 
instance,  offers  six  times  the  resistance  to  crushing  it  offers  to 
tearing,  while  in  wrought  iron  the  tenacity  exceeds  the  resistance 
to  crushing.  Not  only  do  materials  differ  from  each  other  in 
strength,  and  the  strength  of  each  material  differ  according  to 
the  mode  of  action  of  the  straining  force,  but  most  materials  have 
for  the  same  kind  of  stress  a  different  modulus  of  strength, 
according  to  the  mode  of  application  of  the  force  considered  in 
relation  to  the  internal  structure  of  the  material — e.  g.,  the 
tenacity  of  fibrous  substances,  as  wood,  is  generally  greater  in 
the  direction  of  the  fibres  than  at  right  angles  to  this  direction. 

65.  A  load  may  be  applied  longitudinally  in  two  ways,  pro- 
ducing either  compression  or  extension;  with  the  breaking  load 
the  material  is  in  the  former  case  crushed,  and  in  the  latter  torn 
asunder.  A  load  may  be  applied  transversely  in  three  ways 
as  follows : — The  piece  of  material  may  be  bent  and  ultimately 
broken  across ;  the  strain  in  this  case  is  sometimes  termed  trans- 
verse strain,  more  generally  bending  strain,  and  an  instance  is 
afforded  by  a  bar  of  timber  or  metal  supported  at  the  ends  and 
loaded  in  the  middle.  The  piece  of  material  may  be  twisted 
until  it  is  wrenched  asunder;  shafts  transmitting  power  are 
subjected  to  twisting  force ;  the  breaking  of  a  steamer's  screw 
shaft  in  heavy  weather  is  an  instance  of  breaking  by  twisting. 
The  third  mode  in  which  the  force  may  be  applied  is  to  produce 
distortion,  and  ultimately  fracture  the  piece  of  material  by  shear- 
ing or  detrusion.  In  this  case  the  line  of  fracture  is  in  the  same 
direction  as  the  force,  one  piece  being  pushed  along  on  the  other; 
bolts  and  rivets  are  subjected  to  shearing  stress.  If  two  plates 
riveted  together  be  made  to  slide  on  each  other  (if  the  plates  do 
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not  fail),  the  rivets  are  first  distorted,  and  ultimately  sheared 
through.  In  short,  a  piece  of  material  may  be  strained  and 
ultimately  fractured,  by  pressure,  tension,  breaking  across, 
■wrenching  or  torsion,  and  shearing  or  detrusion.  A  piece  of 
material  forming  part  of  a  structure  may  be  subjected  to  one 
kind  of  strain,  as  in  the  case  of  bolts  and  rivets,  'which  suffer 
shearing  stress;  or  it  maybe  strained  in  several  ways  at  the 
same  time,  as  in  the  case  of  a  piece  of  timber  joined  to  other 
timbers  by  bolts,  in  which  the  timber  resists  the  direct  action  of 
a  load,  and  the  tendency  of  the  bolts  to  shear  out  a  layer  of  wood 
from  the  bolt  holes. 

66.  Materials  are  most  economically  applied  when  that  kind 
of  strength  which  they  have  in  greatest  perfection  is  brought 
into  play — e.  g.,  cast  iron  being  greatly  inferior  in  tenacity,  and 
superior  in  resisting  pressure,  to  wrought  iron,  the  former  is 
more  frequently  employed  to  resist  pressure  and  the  latter  to 
resist  tension;  while  brickwork,  having  a  very  low  degree  of 
tenacity,  is  not  subjected  to  tension  as  a  general  rule. 

67.  But  few  kinds  of  material  are  homogeneous  when  in  large 
masses,  and  different  specimens  of  the  same  material  differ  between 
very  wide  limits  in  strength  and  elasticity.  Although  numerical 
constants  are  given,  they  must  not  be  supposed  applicable  to  every 
specimen  of  the  same  material;  in  the  case  of  so  variable  a  sub- 
stance as  timber,  for  example,  probably  such  constants  as  those  of 
defl  ection,  Paragraph  143,  would  not  agree  exactly  in  any  two  speci- 
mens ;  while  there  is  an  infinite  number  of  different  qualities  of 
material  between  cast  and  wrought  iron  of  extreme  qualities.  Such 
constants  are  average  results  of  experiments,  the  extreme  results 
obtained  differing  frequently  very  widely;  thus  such  constants 
cannot  be  considered  as  applicable  to  any  particular  specimen. 
The  moduli  given  in  tables  generally  refer  to  average  quality 
without  faults.  The  conditions  affecting  the  strength  of  parti- 
cular specimens  must  be  considered,  and  experiments  made  when 
necessary,  to  ascertain  if  the  specimens  to  be  used  are  equal  to 
average  quality ;  and  care  should  always  be  taken  in  selection. 
In  applying  rules  and  tabular  numbers  to  the  calculation  of  the 
strength  of  materials,  it  is  evident  such  rules  and  numbers 
cannot  be  blindly  used  with  safety ;  observation  and  judgment 
are  necessary,  and  the  result  has  frequently  to  be  confirmed  or 
supported  by  experiment.  In  applying  numerical  co-etEcienti 
and  moduli  in  practice,  the  two  principal  points  to  be  attended 
to  are — \slly,  that  the  material  to  be  employed  is  of  the  proper 
quality;  and  2ndly,  that  the  case  presented  is  (as  far  as  possible) 
exactly  similar  to  that  from  which  the  co-efficient  was  deduced 
by  experiment. 
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Section  II. — Resistamce  to  Pressure. 

68.  For  stresses  less  than  the  proof  stress,  the  resistance  to 
longitudinal  compression  is  sensibly  equal  to  the  resistance  to 
stretching;  for  such  stresses  the  strain  is  directly  proportional 
to  the  load  producing  it.  The  resistance  to  compression,  the 
load  being  limited,  does  not  bear  a  fixed  relation  to  the  resist- 
ance to  crushing;  a  material  which  offers  a  higher  resistance 
than  another  to  crushing,  may,  under  a  limited  load,  offer  a  less 
resistance  to  compression. 

69.  The  phenomena  presented  on  fracture  by  compression  are 
regulated  by  the  length  of  the  piece  broken,  as  compared  with  its 
transverse  dimensions,  and  by  the  molecular  structure  of  the 
material.  If  the  length  of  the  body  greatly  exceed  its  diameter, 
the  effect  of  longitudinal  pressure  is  to  bend  and  ultimately 
break  it  across;  in  this  case  the  failure  is  by  breaking  across 
transversely,  and  the  resistance  to  direct  crushing  is  not  tested. 
The  tendency  to  break  by  cross  breaking  commences  when  the 
length  exceeds  about  5  diameters  in  cast  iron,  10  diameters  in 
wrought  iron,  and  20  diameters  in  dry  wood ;  but  if  the  pro- 
portion of  length  to  diameter  be  less  than  that  of  3  to  2,  the 
friction  of  the  surfaces  between  which  the  body  is  crushed 
affects  the  result  by  holding  the  parts  together,  and  making  the 
strength  appear  greater  than  it  really  is. 

70.  The  principal  laws  of  resistance  to  direct  crushing  offered 
by  short  pieces  of  uniform  section  are  as  follows : — 

The  resistance  is  directly  as  the  area  acted  upon,  the  load 
being  uniformly  distributed — e.g.,  a  prism  of  uniform  section  of 
2  inches  sectional  area,  would  require  twice  the  force  to  crush  it 
required  by  a  similar  prism  of  the  same  material  of  1  inch,  or 
half  the  sectional  area.  If  the  load  be  not  uniformly  distributed, 
the  crushing  load  is  reduced  in  the  ratio  the  mean  stress  is  less 
than  the  maximum  stress — e.g.,  if  the  mean  stress  be  half  the 
maximum  stress,  then  the  crushing  load  will  be  half  that  of  the 
same  body  for  a  uniformly  distributed  load. 

71.  The  crushing  load  is  influenced  by  the  form  of  section. 
Of  four  prisms  of  equal  sectional  area  the  cylindrical  was  the 
strongest;  then  in  order  of  strength  the  square,  the  rectangular 
4x1,  and  the  equilateral  triangular;  the  difference  between  the 
strongest  and  weakest  was  about  14  per  cent.  A  pillar  of 
uniform  transverse  dimensions  is  stronger  than  one  of  the  same 
content  which  tapers — e.g.,  a  cylinder  is  stronger  than  a  truncated 
cone,  and  more  so  as  the  inequality  of  the  diameters  of  the 
latter  is  greater.     Of  rectangular  pillars  of  the  same  content  and 
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length,  the  square  section  is  the  strongest.  If  a  prism  or 
column  be  built  up  of  several  pieces,  as  in  brickwork  and 
masonry,  the  resistance  offered  to  crushing  is  inferior  to  that  of 
a  similar  prism  formed  of  a  single  block;  and  the  structure  is 
-weaker  the  thinner  the  courses.  The  strength  of  the  structure 
is  increased  if  the  blocks  be  cemented  together.  If  the  strength 
of  the  cement  exceed  that  of  the  pieces  cemented,  and  it  be 
strongly  adhesive,  the  strength  of  the  structure  may  even  exceed 
that  of  a  single  block. 

72.  The  phenomena  of  crushing  differ  with  the  nature  of  the 
material  crushed.  Hard  homogeneous  substances,  as  vitreous 
bodies,  split  in  a  direction  almost  parallel  to  the  direction  of  the 
load,  the  surfaces  of  fracture  being  smooth.  Granular  sub- 
stances, as  brick  and  cast  iron,  offer  greater  ultimate  resistance 
to  pressure  than  to  tension,  and  fail  by  sliding  or  shearing. 
The  surfaces  of  fracture  are  obliqtie  to  the  direction  of  the 
load,  the  degree  of  obliquity  varying  with  the  nature  of  the 
material  (with  cast  iron  it  varies  from  42°  to  32°,  according  to 
quality).  The  fracture  may  take  place  at  a  single  plane 
surface,  or  the  block  may  be  broken  into  pyramidal  or  wedge- 
shaped  pieces,  or  both  mixed,  preserving  the  angle  between  the 
surfaces  of  fracture  and  the  direction  of  the  load  proper  .to  the 
material.  Most  granular  materials,  as  brick  and  stone,  begin 
to  splinter  and  crack  when  under  less  than  their  ultimate  load' — 
e.g.,  brick  begins  to  splinter  at  from  one-half  to  two-thirds  its 
ultimate  load.  Only  the  hardest  materials,  as  very  hard  stones 
and  cast  iron,  fail  suddenly.  Ductile  and  tough  materials  yield 
gradually  by  bulging  until  they  are  pressed  flat;  their  tenacity 
is  generally  greater  than  their  resistance  to  direct  crushing. 
The  gradual  manner  in  which  such  materials  yield  to  pressure 
renders  it  exceedingly  difficult  to  determine  exactly  their 
ultimate  resistance  to  direct  crushing.  Fibrous  materials,  as 
timber,  are  crushed  by  buckling  or  crippling ;  the  pressure  being 
directed  along  the  fibres,  they  become  wrinkled  and  separate 
from  each  other.  The  resistance  to  crushing  of  such  materials  is 
generally  much  less  than  their  tenacity. 

73.  Tables  of  the  strength  of  materials  to  resist  a  crushing 
force  have  been  compiled  from  the  results  of  numerous  experi- 
ments made  by  different  persons;  the  tabular  numbers  generally 
represent  the  tiltimate  resistance  to  crushing  in  pounds  pressure 
on  the  square  inch  of  transverse  section,  the  specimen  being  too 
short  to  fail  by  bending,  and  free  to  expand  laterally.  If  the . 
lateral  expansion  be  interfered  with  the  resistance  to  crushing  is 
increased;  it  is  evident  with  perfect  lateral  support  the  material 
could  not  be  fractured  by  direct  crushing.     The  modulus  of 
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resistance  to  crushing  is  sometimes  expressed  in  height  of  a 
column  of  the  particular  material;  this  height  is  that  of  an 
isolated  column,  in  which  crushing  of  the  base  would  just  com- 
mence by  reason  of  the  weight  of  the  superincumbent  mass. 
In  other  words,  the  shortest  column  which  would  not  support  its 
own  weight — e.g.,  the  modulus  of  cast  iron  is  about  58,000  feet — 
i.e.,  a  column  of  that  height  would  not  stand,  as  the  lowest  part 
would  be  crushed  by  the  weight  of  that  above. 

74.  Those  bars  or  rods  in  a  structure  which  resist  pressure 
applied  to  them  longitudinally,  are  termed  struts  with  respect 
to  such  pressure;  they  are  necessarily  practically  inflexible.  A 
column  is  a  vertical  strut.  The  strength  of  a  column  or  strut  of 
given  material  to  resist  longitudinal  pressure,  depends  on  the  length 
of  the  strut  compared  with  its  diameter,  on  the  form  of  its  trans- 
verse section,  on  the  mode  of  fixture  of  its  ends,  and  on  the 
direction  of  the  pressure  with  reference  to  its  axis.  The  limits 
of  length  below  which  a  column  fails  by  crushing  have  been 
already  stated  (Paragraph  69);  when  the  length  exceeds  30 
diameters  the  column  fails  by  bending  and  breaking  across. 

75.  The  following  laws  apply  to  long  struts — i.e.,  those  in 
which  the  length  is  at  least  30  diameters  if  fixed,  or  15  diameters 
if  hinged  at  the  ends.  These  columns  fail  in  the  Centre,  but  if 
the  diameter  at  the  centre  be  made  longer,  their  strength  may  be 
increased  about  one-seventh  to  one-eighth,  and  fracture  in  this 
case  no  longer  occurs  at  the  centre.  But  if  hollow,  the  increase 
of  diameter  must  not  be  at  the  expense  of  the  thickness  of  the 
shell;  in  this  case  the  strength  is  not  increased  by  expanding 
the  centre.  With  ends  firmly  fixed,  a  column  is  three  times  as 
strong  as  with  the  ends  rounded  or  hinged.  The  strength  of  a 
post  with  one  end  rounded,  the  other  fixed,  is  an  arithmetical 
mean  between  that  of  a  column  with  both  ends  fixed,  and  another 
with  both  ends  rounded  or  hinged.  Hence  the  importance  of 
securely  fixing  columns,  and  expanding  them  at  the  ends.  A 
pillar  of  uniform  section,  fixed  at  both  ends,  is  as  strong  as  a 
similar  pillar  hinged  at  both  ends,  but  of  half  the  length.  Pillars 
hinged  at  one  end  and  fixed  at  the  other  break  at  a  point  about 
one-third  of  their  length  from  the  hinged  end.  If  a  flat-ended 
pillar  be  pressed  obliquely  to  its  axis,  its  strength  is  only  that 
of  a  similar  pillar  rounded  or  hinged  at  the  ends ;  hence  the 
great  importance  of  placing  pillars  truly  in  the  line  of  action  of 
the  load,  of  staying  heavily  loaded  struts,  of  fixing  topmasts 
securely  in  the  caps  by  padding,  &c. 

_  76.  The  strength  of  cast-iron  solid  cylindrical  pillars  varies 
directly  as  the  3-6th  power  of  the  diameter  (d)  in  inches,  and 
inversely  as  the  17th  power  of  the  length  (I)  in  feet,  multiplied 
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by  a  constant  (c)  =  14-9  tons  with  rounded  ends,  and  =  44-16  tons 
■with  flat  ends  ;  or  the  formula — 

(£3.6 

s=c*-jr7> 0-) 

For  hollow  pillars  the  formula  is  almost  the  same  ;  it  becomes — 

1)3.6  _   ^3.6 


.(2.) 


•  —  "a*        p..j       > 

The  difference  between  the  3-6th  powers  of  the  internal  and 
externa]  diameters  is  tal&n,  the  constant  cL  is  13  tons  for  rounded, 
and  44-3  tons  for  flat-ended  pillars. 

77.  The   following  approximate    formulae   are   deduced  from 
Mr.  Hodgkinson's  experiments  by  Mr.  Lewis  Gordon  : — 

p  =  strength  of  pillar  in  pounds  ; 
s  =  sectional  area  in  square  inches  ; 
I  =  length,  and 
d  =  least  external  diameter, 

both  in  the  same  unit  of  measure.  For  columns  with  both  ends 
fixed  and  of  any  material — 


1+ad* 
and  with  both  ends  rounded  or  jointed  ; 


(3.) 


p=rf^ <4) 

/  represents  the  resistance  of  the  material  to  crushing,  and  is — 
1.  For  wrought  iron,  rectangular  section,  36,000  lbs. ;  2.  cast  iron, 
hollow  cylinder,  80,000  lbs. ;  3.  timber,  rectangular  section,  7,200 
lbs. ;  and  4.  for  stone  and  brick,  rectangular  pillars,  it  is  variable 
according  to  quality ;  the  crushing  strength  should  be  selected 
from  the  tables  of  resistances  to  crushing.  In  the  four  cases 
given,  a  is  -g^,  s^ts,  istttj  and  shj  respectively.  The  formulae 
given  above  apply  to  the  forms  very  generally  given  to  the  different 
materials  named. 

78.  The  strongest  form  for  metal  struts  containing  a  given 
quantity  of  matter  is  the  hollow  cylinder ;  or  for  long  thin  struts, 
a  rod  expanded  at  the  centre  into  a  parabolic  spindle.  Cast-iron 
columns  are  generally  made  in  the  hollow  cylindrical  form  ;  long 
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wrought-iron  and  steel  poles  for  sheer  legs  and  crane  jibs  are 
generally  made  spindle-shaped.  The  strength  of  cast-iron  struts 
of  the  cross  or  hollow  square  form  of  section  may  be  computed 
by  means  of  comparison  with  the  hollow  cylinder;  thus,  the 
strength  of  a  cross-shaped  strut  compared  with  a  cylindrical  one  of 
the  same  diameter  and  sectional  area,  is  obtained  by  multiplying 
a  (formulae  3  and  4,  Paragraph  77)  in  the  formula  for  a  hollow 
cylinder  by  3  ;  the  strength  of  a  hollow  square  diagonal  equal  to 
diameter  of  cylinder,  and  of  equal  sectional  area,  is  obtained  by 
multiplying  a  by  f .  The  thickness  of  cast-iron  hollow  struts  is 
not  generally  less  than  one-twelfth  the  diameter,  and  it  is  neces- 
sary, whatever  the  material  employed,  that  the  thickness  bear  a 
certain  relation  to  the  diameter  of  the  tube  to  obtain  the  maximum 
strength  with  a  given  quantity  of  material.  "Wrought  iron  is  most 
economically  employed  in  the  tubular  form,  and  may  have  any  • 
form  of  section,  as  rectangular,  triangular,  circular,  &c. ;  the  last 
named  is  the  best  when  practicable.  In  calculating  the  strength 
of  such  forms  by  the  formulae  given,  d  is  the  least  dimension  of  the 
rectangle  circumscribed  about  the  cross  section. 

79.  Mr.  Hodgkinson's  formula  for  the  ultimate  strength  of  posts 
of  oak  and  red  pine  is — 

P  =  A  -to  S  ;  or  for  square  section,  A  y2, 

A  being  3,000,000  lbs.  per  square  inch,  and  d  the  least  diameter. 
The  resistance  to  direct  crushing  should  also  be  calculated,  and 
the  smaller  of  the  two  quantities  should  be  taken  as  the  ultimate 
strength  of  the  pillar. 

80.  In  the  case  of  short  columns,  the  strength  more  nearly 
approximates  to  the  resistance  to  crushing  j  for  that  portion  of 
the  strength  which  is  used  up  in  resisting  flexure  becomes  less  as 
the  column  is  shorter,  and  a  greater  proportion  of  the  resistance 
offered  by  the  material  to  crushing  is  available  to  support  the 
load.  Mr.  Hodgkinson's  formula  for  long  pillars  of  cast  iron 
requires  modification  to  render  it  applicable  to  short  pillars : — 
Let  6  be  the  strength  of  the  pillar  calculated  by  formula  1  or  2, 
and  c  the  resistance  to  direct  crushing  =  49  tons  x  area  in  square 
inches  ;  then  the  ultimate  strength  of  the  short  pillar 

®=IbT3c <5-> 

81.  The  strength  of  square  wrought-iron  cells,  tested  as  short 
columns,  the  thickness  of  plate  being  not  less  than  one-thirtieth 
of  the  diameter,  was  found  to  be  27,000  lbs.  per  square  inch 
sectional  area  of  iron.     When  several  such  cells  joined  together 
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were  tested  the  strength  was  increased  to  from  33,000  to 
36,000  lbs.  per  square  inch.  These  results  apply  to  cells  of 
circular  transverse  section,  but  not  to  those  rectangular  in 
section  when  the  sides  of  the  rectangle  are  very  unequal.  Small 
tubes  are  proportionately  stronger  than  larger  of  the  same  thick- 
ness of  material. 

82.  There  exists  difference  of  opinion  as  to  the  length  as 
compared  with  diameter  at  which  breaking  by  cross-bending 
commences  ;  on  the  authority  of  Rankine,  20  diameters  has  been 
stated  (Paragraph  69),  as  this  length  for  dry  wood,  Sganzin 
states  it  at  8  diameters,  and  Rondelet  at  10.  According  to 
Rondelet  the  strength  of  -wooden  pillars,  in  terms  of  the  resistance 
to  crushing  offered  by  a  cube  of  the  material,  is  as  follows  : — 

Length  in  terms  of  least  Strength  as  compared  with  that 

diameter.  of  a  cube  of  the  material. 

12  -833 

24  >  -5C0 

36  -333 

48  -166 

60  -083 

72  -042 

Such  statements  must  be  regarded  as  approximate  only,  differing 
probably  with  the  kind  of  wood ;  the  resistance  of  a  cube  gives 
a  high  figure  for  the  resistance  to  crushing.  The  following  table 
is  calculated  from  Mr.  Hodgkinson's  experiments  on  pillars  of 
Dantzig  oak  and  red  deal  of  square  section  : — 

Material.  Lcn 

D.O. 
D.O. 
E.D. 
R.D. 
D.O. 
D.O. 
D.O. 

In  the  above  table  it  appears  there  is  a  want  of  agreement,  and 
a  difference  between  the  oak  and  deal,  which  might  have  been 
anticipated.  The  column  17  diameters  long  did.  not  fail  per- 
ceptibly by  bending,  but  to  all  appearances  was  crushed :  the 
relative  length  so  far  influenced  the  strength,  that  only  about 
half  the  resistance  to  crushing  was  available  to  support  the  load  ; 
a  similar  column  17-3  diameters  long  failed  by  both  crushing  and 


n  diameters. 
17 

Strength,  R.  to  crushing 
for  equal  cross  sectional 
area  being  unity. 
■553 

27-4 

•381 

29 

•478 

29 

•440 

34-5 

■407 

37 

•453 

46 

•227 
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bending.  The  statements  of  Sganzin,  Rondelet,  and  Rankine  may- 
be probably  reconciled  as  follows  : — When  the  length  is  less  than  8 
or  10  diameters,  the  -whole  resistance  of  the  material  to  crushing 
is  available  to  support  the  load  ;  but  when  this  relative  length  is 
exceeded,  the  resistance  is  less  than  the  resistance  to  crushing, 
although  up  to  about  20  diameters  there  may  be  no  bending 
perceptible.  Rondelet's  proportions  furnish  a  useful  rule  for 
rough  calculations.  A  long  pillar  may  be  regarded  as  a  beam 
subjected  to  bending  load  :  it  bends  and  fails  in  the  centre,  unless 
the  centre  be  made  stronger  than  the  ends.  The  form  of  a 
parabolic  spindle  given  to  shear  poles  is  that  form  most  economi- 
cal in  a  beam  supported  at  both  ends,  and  loaded  in  the  centre. 

83.  The  pressure  per  square  inch  required  to  indent  wood 
one-twentieth  of  an  inch  transversely  is  given  below  from  experi- 
ments made  by  Hatfield  (quoted  by  Anderson) : — 


Lbs. 

White  Pine, 

per  Square  Inch. 

600 

Sp.  Gravity. 

■388 

Mahogany,  Bay-wood,  . 
„            St.  Domingo, 

Oak, 

Ash,    ..... 

1,300 
4,300 
1,900 
2,300 

•439 
•837 
•612 
•517 

The  above  is  important  in  considering  the  pressure  on  fastenings, 
clamps,  saddles,  &c. 

84.  The  relative  strength  of  pillars  of  different  materials, 
deduced  from  experiments  on  long  pillars  with  rounded  ends 
(excepting  in  the  case  of  red  deal),  is  as  follows  : — 

Cast  Steel, 2,518-0 


„  Iron,  . 
Wrought  Iron, 
Oak  (Dantzig), 
Deal,  Red, 


1,0000 

1,745-0 

108-8 

78-5 


85.  Telegraph  poles  and  masts  fail  almost  invariably  under 
excessive  transverse  strain;  considered  as  pillars  they  have  a 
strength  greatly  in  excess  of  requirements,  and  there  is  no 
necessity  therefore,  excepting  in  very  exceptional  cases,  to 
attend  to  the  distribution  of  the  vertical  component  of  their 
load.  The  vertical  load  on  a  pole  is  only  the  weight  of  the  wire 
between  the  lowest  points  of  the  spans  on  both  sides  of  the 
post;  or,  in  the  case  of  a  terminal  post,  between  the  post  and 
the  lowest  point  of  the  span ;  it  is  the  same  for  an  angle  post 
as  for  an  intermediate  post,  and  therefore  but  a  small  fraction  of 
the  ultimate  load  of  the  post  considered  as  a  strut.  In  the  case 
of  high  masts,  great  care  should  be  taken  to  fix  the  mast  firmly 
and  truly  vertical  (Paragraph  75). 
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Section  III. — Resistance  to  Tension. 

86.  The  phenomena  of  fracture  by  direct  tension  are  simpler 
than  those  of  fracture  by  crushing.  A  tough  rod  subjected  to 
tension  first  stretches  throughout  its  whole  length ;  when  the 
proof  load  is  exceeded,  the  elongation  is  much  greater  in  pro- 
portion to  the  load  than  for  loads  below  the  proof  load;  the 
elongation  of  an  iron  bar  may  be  doubled  by  the  addition  of  one- 
eighth  of  the  ultimate  load,  after  the  proof  load  has  been  exceeded. 
Short  iron  bars  may  stretch  more  proportionally  than  long  ones : 
a  bar  120  inches  long  stretched,  with  32  tons  per  square  inch,  26 
inches  ;  a  similar  bar  10  inches  long,  with  the  same  load,  stretched 
4-2  inches;  the  elongation  per  unit  of  length  was  thus  in  the  two 
cases  as  1  to  2.  Mr.  Kirkaldy  found  this  was  not  the  case  with 
every  description  of  iron ;  in  some  kinds  the  elongation  was  the 
same  for  long  and  short  specimens.  When  fracture  is  about  to 
occur,  the  stretching  is  not  uniform  throughout  the  length  of  the 
bar ;  the  part  where  rupture  is  about  to  take  place  is  drawn  out 
and  contracted  transversely,  and  the  bar  fails  at  its  weakest 
section.  Sometimes  the  bar  is  drawn  out  suddenly  at  two  places, 
and  in  exceptional  cases  even  at  three. 

87.  Brittle  substances  fail  suddenly  without  presenting  the 
phenomena  of  stretching  exhibited  by  tough  materials.  The 
absence  of  indication  when  fracture  is  imminent  is  a  source  of 
insecurity  when  such  substances  are  subjected  to  tension;  this, 
together  with  the  fact  that  brittle,  as  compared  with  tough  sub- 
stances, are  deficient  in  tenacity,  causes  the  employment  of  the 
former  to  be  avoided  in  favour  of  the  latter,  when  tension  has  to 
be  resisted. 

88.  The  pieces  of  a  metal  bar  broken  by  tension  cannot  be 
broken  by  a  load  less  than  that  which  broke  the  original  bar. 
This  has  received  two  explanations :  one  is,  the  bar  has  been 
rendered  stronger  by  being  stretched,  it  being  an  ascertained 
fact  that  wire-drawing  does  increase  the  tenacity  of  the  metal  in 
the  direction  drawn;  the  other  explanation  is,  the  bar  failed 
at  its  weakest  section,  and  the  unavoidable  relative  weakness  of 
one  part  has  saved  the  other  parts  from  deterioration.  Mr. 
Lloyd's  experiments  on  four  successive  breakages  of  the  same  bar 
gave — 

1st  breakage, 23-94  tons 

2nd       , 25-86    „ 

3rd       „ 27-06    „ 

4th       , 2920    „ 

The  iron  was  good  ductile  quality :  it  stretched  one-sixth  in  length. 
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and  was  considerably  reduced  laterally.  From  the  above  it  does 
not  appear  that  the  ultimate  tenacity  is  reduced  by  the  material 
being  loa,ded  with  a  load  less  than  the  ultimate  load.  Mr. 
Kirkaldy  has  observed  that  screw  bolts  are  not  necessarily 
injured  although  loaded  nearly  to  breaking  point. 

89.  The  strength  of  fibrous  substances  is  greater  along  the 
fibres  than  perpendicular  or  oblique  to  their  direction;  the 
numerical  values  given  in  tables  are,  unless  otherwise  stated,  for 
tension  along  the  fibres.  This  difference  is  very  marked  in  the 
case  of  timber;  but  in  metals  in  which  the  fibrous  structure  is 
due  to  rolling,  the  difference  of  strength  is  very  small,  excepting 
in  thin  masses  as  plates.  Rolled  metal  gives  earlier  notice  of 
impending  fracture,  and  contracts  more  transversely  under  an 
ultimate  load,  in  the  direction  in  which  rolled,  than  at  right 
angles  or  oblique  to  that  direction.  In  some  cases  there  is  a 
difference  of  strength  in  iron  plates,  according  to  the  direction 
in  which  strained.  M.  Navier  found  a  difference  of  about  10  per" 
cent.;  the  strength  was  40'8  tons  along  the  direction  rolled,  and 
only  364  tons  across  the  fibre.  Sir  W.  Fairbairn  found  the 
strength  in  the  two  directions  almost  the  same,  and  he  explains 
this  by  the  different  mode  of  piling  the  bars  to  make  the  plate. 
Mr,  Kirkaldy  found  puddled  steel  and  iron  plates  stronger,  and 
the  contraction  at  the  point  of  fracture  greater,  when  the  plates 
were  strained  along,  than  when  strained  across,  the  fibres ;  but 
the  reverse  was  the  case  with  plates  of  cast  steel,  thus  confirm- 
ing Sir  W.  Fairbairn's  observation.  Wrought  iron  made  by  the 
Bessemer  process,  in  the  cast  unhammered  state  had  a  mean 
strength  of  18-412  tons;  a  flat  ingot  of  the  same  iron  rolled  into 
boiler  plate  had  a  tensile  strength  of  30-50  tons,  the  strength  was 
increased  by  rolling  in  the  ratio  of  1 8  to  32.  The  tenacity  of  metals 
is  increased  by  wire-drawing;  small-sized  hard  wires  are  there- 
fore proportionately  stronger  than  large;  hence  a  stranded  wire  is 
safer  than  a  single  wire  of  the  same  weight  per  unit  of  length 
and  same  degree  of  hardness,  and  strand  wire  is  preferred  for 
town  lines  and  long  spans  for  this  reason.  Stretching  metal 
under  a  tensile  strain,  wire-drawing,  and  cold  rolling  diminish 
the  specific  gravity  of  the  metal,  increasing  the  tenacity,  and 
rendering  it  more  uniform.  Binding  a  wire  with  a  tight  ligature 
determines  its  point  of  rupture;  the  wire  invariably  breaks  at  the 
ligature,  and  is  weakened  by  the  binding. 

90.  The  ultimate  resistance  to  breaking  by  direct  and  uniform 
tension  offered  by  a  bar  or  rod  is  (as  in  the  case  of  resistance  to 
pressure)  directly  as  the  area  of  its  transverse  section;  but  the 
tension  must  be  applied  accurately  along  the  axis  of  the  speci- 
men, or  the  ultimate  load  will  be  considerably  reduced.     Mr. 
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Tredgold  calculated  if  the  line  of  tension  were  removed  from  the 
axis  to  half  the  radius  of  the  section,  only  one  quarter  of  the 
strength  would  be  available  ;  but  Mr.  Hodgkinson's  experiments 
on  similar  bars  of  the  same  quality  iron  gave  7  "5  tons  along  the 
axis,  and  2-62  tons  along  the  side,  or  rather  more  than  one-third. 
The  necessity  for  distributing  the  load  so  that  its  resultant  may 
act  along  the  axis  of  the  bar  is  evident.  When  material  is  tested 
for  its  ultimate  strength,  the  area  of  the  fractured  bar  on  which 
the  intensity  of  the  ultimate  stress  is  calculated,  is  usually  the 
original  transverse  area  of  the  bar,  sometimes  this  area  reduced 
by  the  equal  stretching  throughout  its  entire  length,  and  not  the 
area  of  the  section  where  the  extreme  and  local  contraction  has 
occurred,  which  immediately  precedes  fracture  ;  but,  in  such  sub- 
stances as  iron,  the  local  contraction  is  an  element  the  considera- 
tion of  which  is  essential  to  a  just  conclusion  concerning  the 
mechanical  value  of  the  material  tested.  The  elongation,  under 
imy  load  not  exceeding  the  proof  load,  is  evidently  the  intensity 
of  the  stress  divided  by  the  modulus  of  direct  elasticity. 

91.  In  experiments  on  iron  rods,  the  square  section  proved 
proportionately  stronger  than  the  round  by  14  per  cent.  Mr. 
Kirkaldy,  in  testing  iron  and  steel,  discovered  that  the  lateral 
dimensions  formed  an  important  element  in  comparing  either  the 
rate  of  or  the  ultimate  elongation ;  and  he  found  the  ultimate 
strength  materially  affected  by  the  shape  of  the  specimen  ;  the 
strength  was  found  much  less  when  the  diameter  of  the  specimen 
was  uniform  for  some  inches,  than  when  uniform  for  only  a  much 
shorter  length. 

92.  Those  bars  or  rods  in  a  structure  which  suffer  longitudinal 
tension  are  termed  ties.  The  efficiency  of  a  tie  is  not  impaired 
by  flexibility. 

93.  The  modulus  of  tenacity  is  frequently  expressed  in  length 
of  the  material,  as  in  the  case  of  resistance  to  pressure — e.  g.,  if 
the  ultimate  tenacity  of  iron  wire  be  80,000  lbs.  per  square  inch, 
and  12  cubic  inches  weigh  3-3  lbs.,  the  length  of  the  modulus  of 
rupture  is  24,000  feet  or  4'5  miles — i.  e.,  jn  wire  of  this  length,  of 
any  thickness,  if  hung  perpendicularly,  would  be  about  to  break 
at  its  point  of  suspension  by  reason  of  its  own  weight  alone.  The 
modulus  of  tenacity  is  calculated  on  the  assumption  that  the  wire 
or  rod  is  suspended  in  vacuo;  if  it  be  suspended  in  any  medium, 
the  modulus  in  such  medium  will  be  greater  than  the  modulus  in 
vacuo,  in  a  proportion  dependent  on  the  relation  between  the 
specific  gravities  of  the  material  and  the  medium.  If  the  specific 
gravity  of  the  material  be  equal  to  or  less  than  that  of  the 
medium,  the  modulus  of  the  material  in  the  medium  will  be 
infinite ;  or  more  correctly,  the  material  has  no  finite  modulus  in 
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such  medium.  If  the  specific  gravity  of  the  material  be  greater 
than  that  of  the  medium,  then  the  material  suspended  in  such 
medium  has  a  finite  modulus,  and  such  modulus  is  to  the 
modulus  of  the  material  in  vacuo  in  the  ratio  of  the  weight  of  a 
given  volume  of  the  material  weighed  in  vacuo,  to  the  weight  of  the 
same  volume  weighed  in  the  given  medium.  This  will  be  evident 
when  it  is  considered  that  the  weight  of  the  material  forms  the 
load — e.  g.,  if  iron  weighed  in  vacuo  have  a  specific  gravity  of 
7-7,  then  in  water  it  would  lose  -ff-  of  its  weight,  the  modulus  in 
water  would  be  to  that  in  vacuo  as  7 -7  to  6-7;  or  it  would  be 
greater  in  water  than  in  vacuo  by  ^  of  its  length  in  vacuo. 
Practically  the  density  of  the  air  is  neglected,  it  being  so  much 
less  than  that  of  the  materials,  and  almost  invariably  present; 
but  when,  as  in  the  case  of  telegraph  cables,  the  surrounding 
medium  is  water,  it  is  necessary  to  consider  the  greater  length 
of  the  modulus  due  to  the  superior  density  of  the  medium.  In 
the  case  of  a  telegraph  cable  the  term  modulus  is  applied  to  the 
modulus  of  tenacity  in  water;  as  the  cable  is  intended  to  be 
worked  in  water  its  modulus  in  air  is  not  required.  The  terms 
practical  and  working  modulus  refer  to  the  ultimate  modulus 
divided  by  the  proper  factor  of  safety.  The  working  modulus  of 
a  cable  for  use  under  water  is  the  ultimate  modulus  in  water, 
divided  by  a  suitable  factor  of  safety.  The  length  of  the  modulus 
of  tenacity  expressed  in  the  substance  itself,  is  useful  to  the 
telegraph  engineer  in  affording  a  mode  of  representing  and 
expressing  relations  between  strength  and  load  in  long  spans 
and  cables  to  be  laid  in  deep  water. 

94.  The  effects  of  temperature  on  the  tensile  strength  of  iron  are 
not  completely  ascertained;  there  is  a  general  opinion  that  at  low 
temperatures  iron  is  more  brittle  or  weaker  than  at  higher  tem- 
peratures, but  this  opinion  is  not  founded  on  accurate  investiga- 
tion. Mr.  Kirkaldy  found  wrought  iron  of  superior  quality  had 
its  strength  reduced  3  or  4  per  cent,  by  the  lowering  of  its 
temperature  below  32°  F.,  the  load  being  applied  suddenly;  but 
when  the  load  was  applied  gradually  the  difference  disappeared. 
The  tensile  strength  of  plates  has  been  found  uniform  between  0° 
and  400°  F.  The  best  bar  iron  has  been  found  to  increase  in 
strength  up  to  320°  F.,  after  which  it  diminished;  but  no  dimi- 
nution of  practical  importance  occurs  up  to  a  much  higher 
temperature.  The  tensile  strength  of  materials  is  not  affected 
to  an  extent  of  practical  importance  within  the  natural  ex- 
tremes of  temperature  experienced  in  temperate  and  tropical 
climates. 

95.  Chains  and  other  bodies  of  iron  subjected  to  violent  shocks 
and  vibration  become  altered  in  structure ;  they  lose  in  time 
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their  fibrous  structure  and  become  crystalline,  -weaker,  and  they 
ultimately  fail.  Sir  W.  Fairbairn  thought  the  time  requisite  to 
produce  fracture  depends  entirely  on  the  intensity  of  the  applied 
forces,  the  retardation  or  acceleration  bearing  some  ratio  to  this 
intensity;  the  justice  of  this  supposition  is  evident  on  considera- 
tion of  the  action  of  a  load  exceeding  the  proof  load.  The  effect 
of  annealing  on  iron  the  structure  of  which  has  been  altered  by 
shocks  and  vibration,  is  in  a. great  measure  to  restore  the  original 
properties;  hence  crane  chains  and  similar  bodies  are  periodically 
annealed  to  render  them  safe,  while  the  screw  shafts  of  steamers 
and  similar  bodies  are  often  changed  after  having  been  in  use  a 
certain  period,  to  avoid  accident.  The  general  effect  of  annealing 
is  to  reduce  the  ultimate  tensile  strength  of  iron,  but  to  render 
it  tougher,  more  ductile,  and  consequently  safer  under  shocks. 
Brittle  iron  has  a  higher  ultimate  tenacity  than  softer  metal,  but 
the  softer  is  obviously  preferable  for  telegraph  purposes,  and  for 
engineering  purposes  generally. 

96.  Materials  are  commonly  subjected  to  tension  under  the 
form  of  ropes  and  chains;  if  a  rope  be  doubled  round  a  pulley 
the  doubled  rope  has  twice  the  strength  of  the  same  rope  used 
singly ;  but  if  the  rope  be  passed  over  a  rod  or  bar,  as  when  a 
sling  is  passed  over  a  crane  hook,  the  strength  of  the  doubled 
rope  is  less  than  twice  that  of  the  single  rope.  The  same  pheno- 
menon is  observed  in  chains:  a  chain  having  the  links  studded  to 
prevent  their  collapse  under  strain  has  only  about  two-thirds  to 
seven-ninths  the  strength  of  an  iron  rod  equal  in  section  to  both 
sides  of  the  link  taken  together.  The  effect  of  the  stud  is  to 
distribute  the  strain  more  uniformly  over  the  section  of  the  link 
(Paragraphs  70,  90,  100).  In  flat  link  chains  Sir  Charles  Fox 
found  that  no  additional  strength  was  gained  by  increasing  the  size 
of  the  chain  link  at  the  eye  without  adding  to  the  thickness  of  the 
eye ;  and  his  experiments  on  links  and  bolts  proved  the  following 
rule  must  be  observed  to  attain  the  maximum  strengthwith  a  given 
quantity  of  material: — The  area  of  the  semi-cylindrical  bearing 
surface  of  the  hole  in  the  link,  must  be  a  little  more  than  equal 
to  the  transverse  sectional  area  of  the  smallest  part  of  the  bodv 
of  the  link;  consequently,  the  bolts  in  such  chains  have  to  be 
made  larger  than  the  mere  strength  of  the  link  would  seem  to 
indicate.  The  explanation  of  the  phenomenon  described  is  in  the 
fact  that  a  certain  extent  of  bearing  surface  is  necessary  to  pre- 
vent the  stress  being  so  intense  as  to  injure  one  or  both  of  the 
bodies  in  contact  by  pressure  before  the  full  tensile  strength  of 
the  combination  is  reached.  In  the  case  of  rope  slings  and 
ordinary  chains  this  loss  of  tensile  strength  is  unavoidable,  and 
must  be  allowed  for;  but  in  chains  with  flat  eyes  and  bolts,  the 
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proper  proportions  may  be  attained,  and  unless  they  are  there  is 
waste. 

97.  The  quantity  of  work  required  to  break  a  bar  1  inch 
square  in  section,  and  1  foot  long  by  tensile  strain,  is  termed 
Mallet's  or  Poncelet's  co-efficient.  It  differs  from  the  resilience 
of  the  bar,  as  already  defined  in  considering  the  ultimate  load 
instead  of  the  proof  load,  and  is  equal  to  half  the  ultimate  load 
multiplied  by  the  ultimate  elongation.  It  represents,  as  in  the 
case  of  the  resilience,  the  power  of  the  material  to  bear  shocks; 
but  as  in  practice  the  proof  load  cannot  be  safely  exceeded,  the 
resilience  appears  more  useful  in  practice. 


Section  IV. — Resistance  to  Shearing. 

98.  Shearing  and  punching  are  not  cutting,  but  detrusive 
action,  one  part  of  the  body  being  pushed  off  the  other  part. 
Unlike  cutting,  the  separation  of  the  parts  of  a  body  sheared 
through  takes  place  suddenly,  as  soon  as  the  elasticity  of  the 
body  sheared  and  that  of  the  shearing  body  have  been  overcome. 
In  cutting  the  separation  is  gradual,  but  in  shearing  the  material 
gives  way  through  its  entire  thickness  at  once,  and  the  recovery 
from  the  strain  takes  place  with  a  jerk. 

99.  The  resistance  to  shearing  is  somewhat  less  than  the  tensile 
strength  of  a  piece  of  material  of  equal  sectional  area. 

100.  In  experiments  on  iron  bars  it  was  found — inclined  shears 
required  less  force  to  drive  than  parallel  shears;  flat  bars  required 
the  same  force  to  shear  them  with  parallel  shears,  whether  they 
were  sheared  flat  or  on  edge;  but  with  inclined  shears  and  bars 
on  edge  8  per  cent.,  and  on  flat  26  per  cent,  of  the  force  necessary 
with  parallel  shears  was  saved.  The  maximum  resistance  to 
shearing  is  offered  when  the  stress  is  uniformly  distributed  over 
the  section,  and  it  is  only  with  this  condition  fulfilled  that  the 
strength  is  directly  as  the  sectional  area.  In  the  case  of  riveting 
metal  plates  together,  the  rivets  are  made  to  fill  the  holes  pre- 
pared for  them  by  the  hammering  they  are  subjected  to  to  form 
the  head ;  but  when  bolts  or  other  fastenings  are  used  to  connect 
the  links  of  chains,  or  under  any  circumstances  which  require  the 
bolt  to  be  loose,  or  which  render  it  possible  it  may  wear  loose, 
the  stress  is  no  longer  equally  distributed  over  the  whole  trans- 
verse area  of  the  bolt;  the  maximum  stress  exceeds  the  mean 
stress  in  a  proportion  dependent  on  the  form  of  section.  This 
proportion  is,  for  a  rectangle  f ,  and  for  an  ellipse  and  circle  f. 
The  sectional  area  should  therefore  be  increased  accordingly 
(Paragraph  96). 
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101.  As  will  be  shewn  hereafter,  shearing  stress  occurs  in 
beams,  but  it  requires  to  be  provided  against  more  generally 
in  fastenings,  as  rivets,  bolts,  pins,  screws,  joggles,  &c,  which, 
connect  pieces  subjected  to  tension,  pressure,  &c.  "When  the 
resistance  to  shearing  offered  by  the  material  connected  is  low 
compared  with  that  offered  by  the  fastenings,  there  is  a  tendency 
rather  to  shear  out  a  piece  of  the  material  than  to  shear  through 
the  fastenings;  this  case  is  presented  when  iron  wedges,  pins, 
&c,  are  used  with  wood,  or  hard  wood  joggles,  wedges,  &c,  are 
used  with  soft  wood. 

102.  Punching  is  the  same  action  as  shearing,  but  is  applied  in 
a  different  manner.  The  resistance  to  punching  has  been  found 
by  experiment  on  iron  plates  slightly  higher  than  the  resistance  to 
shearing,  but  less  than  the  tenacity  of  a  bar  of  transverse  sectional 
area  equal  to  the  detruded  surface  of  the  metal  punched.  The 
laws  stated  above  for  shearing  apply  to  punching :  an  inclined 
punch  requires  less  force  to  drive  than  a  flat  one ;  small  punches 
driven  by  hand  are,  however,  made  flat,  but  the  operation  is  not 
in  this  case  strictly  punching  throughout.  In  timber  the  resist- 
ance to  shearing  is  greater  across  than  with  the  fibres. 


Section  V. — Resistance  to  Torsion. 

103.  Torsion  or  twisting  is  the  strain  to  which  shafts  and  the  axles 
of  wheels  and  pinions  are  subjected;  it  is  of  much  more  general 
occurrence  in  machinery  and  millwork  than  in  structures  within 
the  province  of  the  civil  engineer.  A  knowledge  of  the  principal 
laws  regulating  the  resistance  of  materials  to  this  kind  of  stress 
is  however  essential,  as  it  is  liable  to  be  produced  accidentally; 
in  some  cases  it  is  unavoidably  present,  and  it  is  sometimes 
produced  intentionally.  The  following  are  instances  of  torsion : 
— The  tension  of  a  wire  acting  at  the  end  of  a  long  bracket  tends 
to  twist  the  supporting  post,  and  if  the  insulator  by  which  the 
wire  is  attached  to  the  bracket  stand  above  the  bracket,  there  is 
a  tendency  to  twist  the  bracket.  A  mast  is  twisted  when  a  yard 
is  close-hauled,  particularly  when  this  is  done  with  a  jerk;  hemp, 
wire,  &c,  are  twisted  in  the  making  of  joints  and  ropes ;  rope 
fastenings  are  tightened,  sometimes  improperly,  by  means  of  a 
lever  inserted  in  a  loop  of  the  rope  to  twist  the  rope  on  itself. 
Although  generally  referred  to  shafting,  the  laws  are  of  course 
equally  applicable  to  any  other  case  in  which  there  is  a  twisting 
load  acting  under  similar  conditions.  Torsion  produces  ultim  ately 
fracture  by  a  kind  of  shearing. 


'OT 
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104.  The  twisting  moment  of  a  load  is  the  moment  of  the  pair 

of  equal  and  opposite  couples,  applied  at  different 

f     points  in  the  length  of  a  bar,  tending  to  twist  the 

AiC^N      portion  of  the  bar  lying  between  these  points,  fig.  12. 

/  y^  B    It  is  evident  the  arc  of  torsion  is  directly  as  the  arm 

*     I  of  the  couples  AB,  the  distance  between  them  CD, 

and   the  load.     With  the  ultimate  load  the  rod  is 

wrenched  asunder. 

105.  If  a  bar  be  twisted,  the  material  suffers  more 
I  strain  the  greater  its  distance  from  the  axis  of  the 
Fig.  12.  bar,  and  the  strain  is  not  therefore  equally  distri- 
buted over  the  section;  but  in  whatever  layer  the 
mean  strain  may  lie,  the  ratio  of  the  distance  of  such  layer 
'from  the  axis  to  the  diameter  or  radius  of  the  section  will  be 
constant  for  the  same  form  of  section.  In  a  cylindrical  rod, 
the  layer  which  suffers  the  mean  strain  and  resists  the  load 
with  the  mean  leverage  being  at  a  fixed  proportionate  distance 
from  the  axis,  the  diameter  maybe  substituted  for  such  distance; 
and  it  may  be  concluded  that  the  advantage  or  leverage  with 
"which  the  matter  of  the  shaft  resists  twisting  is  directly  as  the 
diameter  of  the  shaft;  the  resistance  is  also  directly  as  the 
quantity  of  matter  strained,  and  hence  as  the  area  of  the  trans- 
verse section;  therefore,  by  compounding,  the  area  being  as  the 
square  of  the  diameter,  and  the  leverage  as  the  diameter,  in  a 
solid  cylindrical  shaft  the  resistance  is  as  the  cube  of  its 
diameter;  and  in  a  hollow  cylindrical  shaft,  as  the  difference. of 
the  cubes  of  its  internal  and  external  diameters.  The  extra 
strength  gained  by  arranging  the  matter  in  the  hollow  form  is 
evidently  due  to  the  removal  of  the  matter  to  a  greater  distance 
from  the  axis,  by  which  its  strength  resists  the  load  with  greater 
leverage.  A  hollow  rod  is  said  to  be  three  times  as  strong  in 
resisting  torsion  as  a  solid  cylinder  containing  the  same  quantity 
of  matter,  and  of  a  diameter  such  as  to  just  fit  the  tube.  The 
square  section  is  found  to  be  one-fourth  stronger  than  the  con- 
tained circular  section;  but  as  the  area  of  the  square  is  1-7  that 
of  the  contained  circle,  and  the  leverage  is  greater  in  the  square, 
while  the  torsional  strength  of  the  square  section  is  only  1-25 
that  of  the  circular,  it  follows  the  circular  section  is  the  stronger 
form.  This  has  been  attributed  to  the  fact  that  the  corners  of  the 
square  form  projections  unsupported  by  intermediate  matter. 
If  any  leverage  be  given  to  the  load  by  causing  it  to  act  through 
a  lever  attached  to  the  rod  or  shaft,  or  through  a  wheel,  the 
moment  of  the  load  or  its  efficiency  to  strain  the  shaft  will  be  its 
weight  or  pressure  multiplied  by  the  length  of  the  leverage,  or 
the  radius  of  such  wheel.     Tables  of  torsive  strength  give  the 
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load  (proof  or  ultimate),  in  pounds,  of  a  rod  of  material  having 
1  square  inch  sectional  area,  such  load  acting  through  a  leverage 
of  1  foot. 

106.  The  torsional  stiffness  of  similar  rods,  whether  circular, 
triangular,  square,  or  very  long  rectangles,  is  as  the  square  of 
the  sectional  area,  or,  in  other  words,  as  the  fourth  power  of  their 
lineal  dimensions;  in  rectangular  rods  of  uniform  section  it  is 
inversely  as  the  product  of  the  cubes  of  the  transverse  dimensions 
divided  by  the  sum  of  their  squares.  The  stiffness  of  a  shaft  is 
inversely  as  its  length;  for,  if  a  length  of  1  yard  be  twisted 
through  "25°  with  a  givjgn  force,  2  yards  will  be  twisted  through 
•25°  +  -25°  =  -5°  with  the  same  force,  the  total  arc  being  the  sum 
of  the  arcs  through  which  each  part  of  the  rod  is  turned.  In 
long  shafts  the  angle  of  torsion  is  restricted  below  a  definite 
limit  of  perhaps  -25°  per  yard  run.  Thin  rods  subjected  to 
torsion,  as  in  shafting  when  long,  require  to  be  made  thicker 
than  the  condition  of  torsional  strength  alone  would  indicate,  in 
order  to  give  sufficient  stiffness — e.  g.,  wrought- iron  shafts  of  less 
than  4-5  inches  in  diameter  may  require  to  be  made  heavier  than 
requisite  for  strength  to  have  sufficient  stiffness,  but  above  this 
size  the  stiffness  does  not  demand  special  attention,  as  the  shaft 
is  stiff  enough  if  strong  enough.  Additional  strength  is  given 
to  shafting  to  allow  for  sudden  variations  of  load,  caused  by 
stoppage  or  starting  of  the  machinery,  <fec. 

107.  The  ultimate  resistance  to  torsion  varies  with  different 
materials  between  1  and  1 -5,  that  offered  to  cross  breaking.  The 
ultimate  torsional  strength  of  several  materials  is  as  follows : — 


Steel,  . 

Iron,  wrought, 
Iron,  cast,    . 
Copper,  wrought, 


1150  to  1900  lbs. 
700  to  1000    „ 
650  to    750    „ 
400  to    450    „ 


The  comparative  torsional  strengths  of  several  materials  are — 


Steel, 

English  iron, 
Swedish  iron, 
Hard  gun-metal 
Fine  brass, 
Copper, 
Tin, 
Lead, 


16-6  to  19-5 
10-1 
9-5 
5  0 
4-6 
4-3 
1-5 
1-0 


The  steel  referred  to  is  of  different  kinds — viz.,  shear,  blister, 
Bessemer,  &c,  and  high  and  mild  qualities. 

108.  Shafting  is  not  made  taper,  but  is  thinned  in  steps  to  fit 
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pulleys  of  fixed  sizes,  theoretical  accuracy  being  sacrificed  to  con- 
venience and  economy.  In  making  a  rod  subjected  to  torsion 
vary  in  thickness  at  different  parts  of  its  length,  it  is  necessary  that 
sudden  variations  of  thickness  be  avoided.  If  a  sharp  shoulder  be 
cut  or  cast  on  a  shaft,  the  shaft  is  weaker  at  the  shoulder  than  at 
any  point  in  the  thinner  portion,  or  than  a  similar  shaft  equal  in 
thickness  to  the  thinner  part,  for  the  elasticity  of  the  thick  and 
thin  parts  are  not  equal,  and  the  structure  of  the  material  is 
generally  injuriously  affected  by  the  formation  of  the  shoulder. 
Hence  shoulders  are  not  cut  at  right  angles  to 'the  axes  of  shafts, 
but  are  rounded  off  so  that -the  variation  in  thickness  is  less 
sudden,  the  thick  and  thin  portions  being  connected  by  a  seg- 
ment inclined  to  both  these  portions. 

109.  In  twisting  wire  and  fibre  to  form  rope,  it  is  necessary  to 
avoid  twisting  the  material  so  much  as  to  injure  its  elasticity, 
and  thus  weaken  it;  this  fault  is  often  committed  in  wire  rope 
made  by  hand  for  stays  or  guys.  Wire  is  much  weakened  by 
being  subjected  to  torsion;  hence,  in  paying  wire  on  cable  core, 
and  in  twisting  wires  into  rope,  it  is  necessary  to  avoid  twisting 
the  wires  individually,  whereby  the  tensile  strength  of  the  com- 
bination may  be  considerably  reduced.  In  well  made  cables 
the  wires  are  laid  together  without  being  twisted  individually, 
this  being  done  in  the  machine  by  causing  the  wire-supply  drums 
to  revolve  round  the  core.  In  making  a  wire  rope,  however,  the 
twist  by  which  the  wires  are  made  to  act  together  must  be  dis- 
1  tinguished  from  the  twisting  of  the  individual  wires;  unless  a 
certain  obliquity  be  given  to  the  wires  with  respect  to  the  axis 
of  the  rope,  the  rope  will  be  weak  by  reason  of  the  stress  being 
unequally  distributed  over  its  transverse  section ;  the  same 
remark  applies  to  ropes  of  fibre,  as  hemp.  A  lashing  of  rope 
should,  when  necessary,  be  tightened  by  driving  in  a  wedge,  and 
not  by  inserting  a  lever  and  twisting  the  rope  on  itself;  as  the 
rope  yarns  are  twisted  in  the  rope,  an  additional  twisting  in  the 
manner  described  is  likely  to  weaken  the  rope  by  excessive 
twisting.  But  if  a  lashing  be  of  fibre  loosely  twisted,  it  may  be 
tightened  by  means  of  the  twisting  lever,  and  so  tightened  is  less 
likely  to  work  loose  than  if  tightened  by  a  wedge;  while  the 
pressure  being  more  equally  distributed,  it  may  be  employed 
where  the  use  of  a  wedge  is  inadmissible.  Wire  lashing  or  serving- 
should  always  be  tightened  by  a  wedge  when  practicable,  in  pre- 
ference to  twisting. 
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Section  VI. — Resistance  to  Transverse  Load. 

110.  When  a  piece  of  material  is  subjected  to  a  force  which, 
bends  it,  and  ultimately  breaks  it  across,  it  is  said  to  be  broken 
transversely ;  and  the  load,  strain,  and  stress  are  termed  trans- 
verse.    Only  crushing  and  tensile  forces  are  strictly  longitudinal, 
and  the  several  other  modes  of  applying  force  to  a  piece  of 
material   are,  strictly  speaking,  transverse ;  but  bending  and 
cross-breaking  are  termed   so   properly,  and  when  transverse 
strength  is  referred  to,  unless  expressly  stated,  resistance  to 
shearing  and  twisting  are  excluded.     A  bar  supported  at  two 
points,  and  loaded  in  a*  direction  perpendicular  or  oblique  to  its 
length,  is  termed  a  beam ;  and  generally  any  rod  subjected  to  a 
transverse  load,  acts  as  a  beam  with  respect  to  such  load.     A 
telegraph  pole,  strained  transversely,-  and  tied  above  the  load,  is 
analogous  to  a  beam  supported  at  both  ends ;  an  untied  pole, 
loaded  in  the  same  manner,  presents  the  case  of  a  beam  fixed  at 
one  end.     Laws  of  transverse  strength  are  generally  referred  to 
horizontal  beams  under  the  action  of  vertical  loads ;  but  no 
difficulty  can  arise  in  applying  them  to  posts  or  beams  strained 
transversely,  in  which  the  conditions  are  only  modified  by  the 
beam  being  vertical  or  inclined,  instead  of  horizontal,  the  force 
acting  at  right  angles  to  the  beam's  length ;  in  this  case  the 
difference  is  due  merely  to  the  mode  in  which  the  weight  of  the 
beam  must  be  dealt  with  in  calculating  the  gross  load.     Tf  a  rod 
be  subjected  to  a  force  acting  obliquely  to  its  length,  then  such 
force  must  be  resolved  into  its  two  components,  one  acting  at 
right  angles  to  the  beam's  length  as  a  bending  load,  the  other 
acting  in  the  direction  of  its  length  as  a  tensile  or  compressive 
load;  and  these  must  be  considered  separately  as  two  loads 
acting  differently.     A  beam  may  be  supported  at  both  ends, 
fixed  at  both  ends,  or  fixed  at  one  end  only ;  in  the  last  case  it 
is  termed  a  cantilever,  and  by  some  authors  the  term  beam  is  not 
extended  to  the  cantilever ;  the  term  girder  is  applied  in  the 
first  and  second  cases  only.     For  the  sake  of  simplicity,  the 
beam  will  be  assumed  to  be  horizontal,  and  the  load  to  act  in  a 
vertical  direction. 

111.  A  bar  subjected  to  a  transverse  load  is  bent,  one  side  of 
the  bar  becoming  concave  and  the  opposite  side  convex ;  on  the 
concave  side  the  particles  suffer  compression,  and  the  beam  on 
that  side  is  shortened ;  on  the  convex  side  the  matter  is  sub- 
jected to  a  tensile  strain,  and  suffers  elongation.  Between  the 
part  suffering  compression  and  that  suffering  extension  is  a  plane 
in  which  the  length  of  the  beam  remains  unaltered  during  the 
action  of  the  load — this  is  termed  the  neutral  plane  ;  the  line  in. 
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which  this  plane  cuts  any  section  of  the  beam  is  termed  the 
neutral  axis  of  that  section.  When  a  beam  gives  way  by  bend- 
ing and  cross-breaking,  the  material  is  either  crushed  on  the 
compressed  side,  or  torn  asunder  on  the  stretched  side ;  in 
general  the  length  of  the  beam  is  such, -compared  with  its  thick- 
ness (Paragraphs  69  and  82),  that  the  compressed  side,  when 
failure  takes  place  on  that  side,  fails  rather  by  buckling  than  by 
direct  crushing. 

112.  The  resistance  offered  to  destruction  in  this  manner  at 
any  cross  section  is  the  moment  of  the  couple,  consisting  of  the 
thrust  and  equal  and  opposite  tension.  In  any  cross  section  the 
longitudinal  stress  is  0  at  the  neutral  axis,  and  it  increases  with 
the  distance  from  this  axis  to  its  maximum  at  the  upper  and 
lower  edges  of  the  section. 

113.  The  case  of  a  beam  loaded  below  its  proof  load  differs! 
from  that  of  a  beam  loaded  beyond  its  proof  load,  in  the  relative) 
areas  of  the  parts  into  what  the  neutral  axis  divides  any  section. 
For  loads  less  than  the  proof  load  the  resistances  of  the  material' 
to  extension  and  compression  are  sensibly  equal,  and  the  neutral 
axis  divides  any  transverse  section  into  two  parts  equal  in 
area — i.e.,  the  quantity  of  matter  suffering  compression  is  equal 
to  the  quantity  suffering  extension,  and  the  neutral  axis  passes 
through  the  centre  of  gravity  of  the  transverse  section.  With  a 
load  exceeding  the  proof  load,  the  resistance  to  compression  and 
extension  being  no  longer  equal,  the  neutral  axis  divides  the 
transverse  section  unequally ;  and  at  the  moment  of  fracture  the 
ratio  between  the  areas  subjected  to  pressure  and  tension  respec- 
tively, in  any  cross  section,  is  inversely  as  the  ratio  between 
the  ultimate  resistances  of  the  material  to  pressure  and  to  ten- 
sion— e.g.,  in  a  cast-iron  beam,  the  resistance  to  pressure  being 
six  times  the  resistance  to  tension  (approximately),  at  the 
moment  of  fracture  the  neutral  axis  would  divide  a  transverse 
section  into  two  parts  having  areas  as  1  to  6  ;  the"  area  sub- 
jected to  the  ultimate  tension  being  six  times  that  subjected  to 
the  ultimate  pressure.  Only  in  a  material  having  a  compressive 
strength  equal  to  its  tensile  strength  would  the  areas  above  and 
below  the  neutral  axis  remain  equal  for  loads  exceeding  the 
proof  load. 

114.  It  would  appear  from  the  above  that  the  resistances  of  a 
material  to  pressure  and  to  tension  being  known,  its  resistance 
to  cross-breaking  may  be  calculated ;  but  in  practice  the  resist- 
ance to  cross-breaking  is  obtained  by  experiment,  because  cir- 
cumstances, the  effect  of  which  cannot  be  calculated,  operate  to 
modify  the  result — e.g.,  in  cast  iron  instanced  above,  the  casting 
being  generally  more  rapidly  cooled  on  the  outside,  cast-iron 
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beams  are  covered  by  a  layer  or  skin  of  iron  stronger  than  the 
internal  iron,  and,  as  will  be  shewn  more  fully  below,  this  hetero- 
geneity causes  the  transverse  strength  obtained  by  experiment 
to  differ  considerably  from  that  obtained  by  calculation  from  the 
tensile  and  compressive  resistances,  on  the  assumption  that  the 
material  is  homogeneous. 

115.  The  total  longitudinal  stress  on  each  side  of  the  neutral 
axis  of  a  section  is  equal  to  half  the  load.  The  mean  intensity  of 
the  stress  on  each  side  of  the  neutral  axis  is  equal  to  the  stress  on 
that  side,  divided  by  the  area.  Generally  in  practice  the  stress 
at  any  point  of  a  crosg  section  may  be  assumed  to  vary  uniformly 
and  directly  as  the  distance  of  the  point  chosen  from  the  neutral 
axis;  the  position  of  the  resultant  stress  then  coincides  with  the 
centre  of  gravity  of  the  figure  on  each  side  of  the  neutral  axis, 
and  is  in  amount  equal  to  half  the  stress  on  the  particles  most 
distant  from  the  neutral  axis.  Prom  the  above  it  appears  the 
neutral  axis  is  a  fulcrum,  pressure  on  one  side  of  it  being 
balanced  by  tension  on  the  other.  The  efficiency  of  a  particle  to 
resist  a  bending  load  is  greater  the  greater  the  leverage  with 
which  it  acts — i.  e.,  its  distance  from  the  neutral  axis.  It  is 
evident  the  matter  near  the  neutral  plane  is  not  so  efficient  as 
that  more  removed  to  resist  bending,  as  it  cannot  be  so  readily 
strained  ;  for  the  extreme  matter  may  be  strained  beyond  its  limit 
of  elasticity  before  the  internal  matter  has  been  strained  up  to 
that  limit.  "Wooden  beams  are  necessarily  made  rectangular  in 
section;  but  in  iron  beams,  the  matter  of  the  beam  is  concentrated 
as  far  as  possible  from  the  neutral  plane,  so  as  to  attain  the 
maximum  strength  with  the  minimum  weight  of  material.  Figs. 
13  and  14  represent  sections  of  iron  beams  fulfilling  this  condition 
more  or  less  perfectly :  the  matter  is  concen- 
trated in  A  and  B,  technically  termed  the 
flanges,  the  flanges  are  connected  by  C,  the 
web.  It  is  evident  the  whole  bending  stress 
is  practically  in  the  flanges,  the  functions  of 
the  web  being  to  keep  these  apart,  transmit 
the  pressure  between  them,  and  resist  shear- 
ing force  (Paragraph  122).  The  whole  Fig.  13.  '  Fig.  14. 
matter  of  a  beam  acts  With  its  maximum 
efficiency  in  resisting  a  load  when  the  neutral  plane  is  in  the 
centre  of  the  depth  of  the  beam ;  under  a  load  less  than  the  proof 
load  this  is  the  case  in  a  beam  with  flanges  of  equal  sectional 
area ;  but  when  the  ultimate  load  is  approached,  the  resistance  of 
the  material  to  compression  and  extension  being  no  longer  sensibly 
equal,  for  the  neutral  plane  to  be  in  the  centre  of  the  depth,  it  is 
necessary  in  a  flanged  beam  that  the  sectional  area  of  the  com- 
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pressed  flange  bear  to  that  of  the  extended  flange  a  ratio  inversely- 
proportional  to  the  ratio  of  the  compressive  strength  of  the  material 
to  its  tensile  strength.  Fig.  14  represents  the  section  of  a  cast- 
iron  beam,  in  which,  the  compressive  strength  of  the  material 
being  about  six  times  its  tensile  strength,  the  upper  or  compressed 
flange  has  only  one-sixth  the  area  of  the  lower  or  extended  flange. 
As  beams  cannot  be  strained  in  practice  beyond  their  proof 
strength — i.e.,  their  limit  of  elasticity,  within  which'limit  the 
resistances  to  compression  and  tension  are  equal,  it  has  been 
contended  with  much  reason  that  the  flanges  should  be  propor- 
tioned for  working  loads  only — i.  e.,  should  be  equal,  rather  than 
proportioned  for  the  ultimate  load,  which  in  practice  can  never  be 
imposed. 

116.  The  phenomena  of  cross  bending  being  as  described,  it  is 
evident  if  a  solid  rectangular  beam  be  doubled  in  depth,  its  other 
dimensions  and  arrangements  of  its  support  remaining  the  same, 
the  strength  to  resist  cross -breaking  will  be  doubled,  by  reason  of 
the  quantity  of  matter  being  doubled ;  and  as  this  quantity  of 
matter  acts  with  twice  its  former  leverage  or  efficiency,  by  reason 
of  its  mean  distance  from  the  neutral  plane  being  doubled,  the 
strength  will  be  four  times  that  of  the  original  beam — i.e.,  as  the 
squares  of  the  depths  respectively.  If  the  width  of  a  beam  be 
doubled,  the  other  dimensions,  &c,  remaining  unaltered,  the 
quantity  of  matter  in  the  beam  is  doubled;  but  this  is  simply 
equivalent  to  placing  another  and  similar  beam  at  the  side  of  the 
original  one,  the  matter  added  does  not  act  with  any  additional 
advantage,  the  mean  distance  of  the  matter  from  the  neutral  plane 
remaining  the  same,  in  this  case  the  strength  of  the  original  beam 
is  doubled.  The  strength  of  beams  is  directly  as  their  width,, 
being  directly  as  the  quantity  of  matter  strained,  there  being  no 
access  of  strength  due  to  increased  efficiency  of  the  matter  of  the 
beam — and  as  the  square  of  their  depth.  Another  mode  of 
demonstrating  that  the  strength  of  a  beam  is  directly  as  the 
width,  and  as  the  square  of  the  depth,  is  the  following  :— the 
strength  of  the  beam  at  any  cross  section  is  directly  as  the 
moment  of  inertia  of  the  cross  section  about  its  neutral  axis ; 
this  moment  is  for  each  point  in  the  section  directly  as  the  square 
of  the  distance  of  the  given  point  from  the  neutral  axis ;  the 
strength  of  the  section  is  directly  as  the  sum  of  the  momenta  of 
the  points  composing  the  section — i.e.,  as  the  area  of  section 
multiplied  by  its  depth,  or  as  the  product  of  the  width  by  the 
square  of  the  depth. 

117.  In  flanged  beams  the  web  must  be  stiff  enough  to  transmit 
the  force  without  buckling ;  as  the  load  rests  on  the  upper  flange, 
the  force  is  transmitted  through  the  web  to  the  lower  flange ;  the 
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■web  keeps  the  flanges  apart,  and  acts  as  a  short  column.  It  is 
evident  the  web  bears  very  little  longitudinal  tension  and  com- 
pression, these  being  mainly  borne  by  the  flanges ;  but  the  necessity 
for  stiffness  in  the  web  so  far  affects  the  distribution  of  material, 
that  it  places  a  limit  to  that  thinness  in  the  web  by  which  depth 
is  gained,  and  the  matter  required  to  resist  longitudinal  tension 
and  compression  is  placed  as  far  as  possible  from  the  neutral 
plane,  where  it  is  most  effective.  In  cast  beams  the  calculated 
theoretical  thickness  of  the  web  is  exceeded,  because  great 
inequalities  of  thickness  are  not  consistent  with  strength,  from 
the  difficulty  in  practice  of  cooling  equally,  large  castings  differing 
widely  in  thickness  at  different  parts. 

118.  At  least  two  forces  are  necessary  to  bend  a  bar,  and  these 
two  forces  must  act  at  different  points  in  the  length  of  the  bar. 
In  a  beam  these  forces  are  the  pressure  of  the  load,  and  the  equal 
and  opposite  pressure  of  the  supports.  The  pressure  of  the  sup- 
ports tends  to  shear  the  beam  through,  being  a  shearing  force  ; 
both  this  and  the  pressure  of  the  load  are  independent  of  any 
leverage,  and  act  directly  on  the  beam.  The  shearing  force  and 
the  downward  pressure  of  .the  load  are  necessarily  equal;  but 
while  the  force  due  to  the  upward  pressure  of  the  supports  is 
greatest  near  the  support,  and  diminishes  towards  the  point  of 
application  of  the  load,  the  downward  pressure  of  the  load  is 
greatest  beneath  the  point  of  application  of  the  load  or  its 
resultant,  and  diminishes  to  0  at  the  points  of  support.  The 
shearing  force  and  direct  action  of  the  load  form  a  couple  whose 
moment  is  termed  the  bending  moment,  or  moment  of  flexure  of  the 
beam,  and  is  equal  to  the  product  of  one  of  the  equal  forces  into 
the  distance  between  them — i.  e.,  the  distance  of  the  load  from 
the  support.  In  the  case  of  a  beam  supported  at  both  ends,  the 
total  bending  moment  may  be  considered  as  two  couples,  the  load 
being  conceived  as  divided  between  the  two  supports  inversely 
as  its  distance  from  each  support  respectively.  The  bending 
moment  is  sometimes  termed  the  moment  of  the  load;  it  is  really 
the  moment  of  a  couple  of  equal  and  opposite  forces — viz.,  the 
upward  pressure  of  the  supports  and  the  downward  pressure  of 
the  load ;  it  is  the  moment  of  the  load  about  the  outer  point 
of  support  in  a  cantilever.  In  a  beam  supported  at  both  ends, 
the  load  being  conceived  as  divided  into  two  inversely  as  the 
distances  of  the  points  of  support,  and  the  beam  being  conceived 
as  divided  under  the  load  to  form  two  cantilevers,  each  loaded 
inversely  as  its  length,  the  bending  moment  is  the  sum  of 
the  moments  of  the  loads  about  the  points  of  support  respec- 
tively (Paragraph  16).  The  bending  stress  due  to  the  action 
of  the  couple  or  couples,  formed  of  the  upward  pressure  of 
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the  supports,  and  the  downward  pressure  of  the  load,  is  resisted 
at  any  section  by  the  moment  of  the  couple,  consisting  of  the 
thrust  and  equal  and  opposite  tension  on  opposite  sides  of  the 
neutral  axis,  as  already  described  (Paragraphs  111,  112). 

119.  The  moment  of  a  couple  being  directly  as  the  length  of  its 
arm,  the  advantage  or  leverage  with  which  a  load  acts  on  a  beam 
must  be  directly  as  the  length  of  the  beam;  and  the  strength  of 
a  beam  is  evidently  inversely  as  its  length,  or  the  span. 

120.  The  maximum  shearing  force  in  a  beam  fixed  at  one  end 
and  loaded  at  the  other  is  equal  to  the  load,  and  occurs  close  to 
the  outer  point  of  support;  the  shearing  stress  at  any  other  sec- 
tion is  directly  as  the  distance  of  the  given  section  from  the 
loaded  end.  With  a  distributed  load  the  shearing  stress  at  any 
section  of  a  cantilever  is  equal  to  the  total  load  up  to  that  section, 
measured  from  the  outer  end  of  the  load — e.  g.,  in  a  beam  of  this 
kind  loaded  with  500  lbs.  per  foot,  the  shearing  force  3  feet  from 
the  commencement  of  the  load  would  be  1500  lbs.,  four  feet  2000 
lbs.,  and  so  on  to  the  support,  where  it  would  equal  the  total 
load.  The  bending  moment,  being  the  shearing  stress  multi- 
plied by  the  length  of  the  section  measured  as  above,  is  a 
maximum  at  the  outer  point  of  support ;  and  the  beam  would 
break  at  this  point,  with  its  ultimate  load. 

121.  In  a  beam  supported  at  both  ends  the  shearing  force 
is  a  maximum  near  the  supports,  where  it  is  equal  to  the 
upward  pressure  of  the  support;  and  the  total  at  both  supports 
is  therefore  equal  to  the  load.  The  shearing  force  ab  any 
section  is  less  as  the  section  is  farther  removed  from  the 
support,  and  under  the  centre  of  gravity  of  the  load  it  vanishes 
entirely.  To  find  this  force  at  any  section,  subtract  the  load 
between  the  nearer  point  of  support  and  the  point  of  section 
from  the  pressure  on  the  support ;  the  difference  is  the  shearing 
stress  at  that  section.  In  beams  supported  at  both  ends,  the 
maximum  bending  moment  is  in  the  centre,  under  the  load,  when 
the  beam  is  loaded  in  the  centre;  and  if  the  beam  be  loaded 
symmetrically  the  greatest  bending  moment  will  still  be  in  the 
centre,  where  the  beam  would  consequently  break  with  its  ulti- 
mate load.  The  bending  being  downward,  the  moment  is  of 
opposite  sign  to  that  of  a  beam  fixed  at  one  end,  in  which  the 
bending  is  upward.  It  should  be  remarked,  in  a  beam  fixed  at 
one  end  the  maximum  shearing  force  equals  the  load,  and  in  a 
beam  supported  at  both  ends  it  can  only  equal  the  maximum 
pressure  on  one  support. 

122.  The  mean  intensity  of  the  shearing  stress  at  any  cross 
section  is  obtained  by  dividing  the  total  stress  by  the  area  of  the 
section.     The  stress  is  unequally  distributed  over  the  section, 
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being  a  maximum  at  the  neutral  axis,  and  diminishing  towards 
the  upper  and  lower  surfaces  of  the  beam,  where  it  vanishes.  It 
follows  from  this,  in  flanged  beams  the  shearing  stress  is,  practi- 
cally speaking,  borne  by  the  web.  In  rectangular  and  cylindrical 
beams  the  resistance  to  shearing  is  much  greater  than  that  to 
cross-breaking ;  in  cast-iron  flanged  beams  the  web  is  made 
stronger  than  necessary  to  resist  the  shearing  action,  because 
great  inequalities  of  thickness  render  the  casting  weak;  the  web 
is  made  generally  as  thick  as  the  top  flange.  In  wrought-iron 
beams,  in  which  the  minimum  of  material  required  for  strength 
can  be  attained,  the  resistance  to  shearing  must  be  taken  into 
account  in  assigning  proportions  to  the  web. 

123.  If  a  load  be  equally  distributed  over  a  beam,  it  may  be 
considered  as  concentrated  at  its  centre  of  gravity — e.  g.,  a  beam 
fixed  at  one  end  will  bear  double  the  load  uniformly  distributed 
it  will  bear  if  concentrated  at  the  unsupported  end,  for  the 
distance  of  the  resultant  of  the  load  from  the  support  is  halved 
by  so  distributing  the  load.  A  beam  supported  at  both  ends  will, 
,for  the  same  reason,  bear  twice  the  load  evenly  distributed  it 
will  bear  concentrated  at  its  centre ;  it  may  be  regarded  as  two 
beams  supported  at  one  end  and  acting  together;  the  load  may 
be  considered  as  two  loads,  each  half  the  total,  and  concentrated 
at  one  quarter  the  span  from  each  support.  If  the  load  be  .not 
evenly  distributed  over  the  beam,  then  the  bending  moment,  or 
the  effect  of  the  load  on  the  beam,  will  he  represented  by  the 
product  of  the  two  lengths  into  which  the  point  of  its  application 
divides  the  beam,  divided  by  the  length  of  the  beam,  and  multi- 
plied by  the  load.  The  distribution  of  the  load  is  equivalent  to 
altering  the  point  of  action  of  its  resultant,  diminishing  the 
advantage  or  leverage  with  which  the  load  acts  on  the  beam. 
The  load  which  a  beam  will  bear  concentrated  at  any  point  in 
the  beam,  is  to  the  load  the  same  beam  would  bear  concentrated 
in  any  other  point,  directly  as  the  product  of  the  lengths  into 
which  each  load  divides  the  beam  respectively. 

124.  For  a  beam  supported  in  a  given  manner,  it  has  been 
shewn  that  the  strength  varies  as  the  width  and  square  of  the 
depth  of  the  beam  directly,  as  the  length  inversely,  and  according 
to  the  position  of  the  resultant  of  the  load;  it  remains  to  compare 
beams  supported  in  different  manners.  If  a  beam  be  supported 
at  both  ends  and  loaded  in  the  centre,  the  upward  pressure  of 
each  support  will  be  equal  to  half  the  load ;  the  maximum  shear- 
ing stress  will  be  equal  to  half  the  load;  the  maximum  bending 
moment  will  be  in  this  case  half  the  load  x  half  the  span.  In  a 
beam  fixed  at  one  end  and  loaded  at  the  other,  the  bending 
moment  is  equal  to  the  whole  length  of  the  beam  x  the  whole 


62  GENERAL    PRINCIPLES   OF   STRENGTH   AND   STABILITY. 

load;  hence,  abeam  supported  at  both  ends  and  loaded  in  the 
middle  is  fonr  times  as  strong  as  a  beam  of  the  same  cross  section 
and  span  fixed  at  one  end  and  loaded  at  the  other.  The  beam 
supported  at  both  ends  may, be  considered  in  this  case  as  two 
cantilevers,  each  of  half  the  span  and  bearing  half  the  load.  If 
the  load  be  equally  distributed  in  each  case,  the  beam  supported 
at  both  ends  will  still  be  four  times  as  strong  as  that  supported 
at  one  end  only,  and  of  the  same  length.  A  beam  may  be  con- 
sidered as  a  lever,  and  the  action  of  the  load  and  pressure  on  the 
supports  evolved  accordingly. 

125.  If  a  beam  be  fixed  at  each  end  instead  of  being  merely 
supported,  the  fixing  of  the  ends  gives  the  beam  additional  stiff- 
ness. As  its  ends  cannot  rise,  its  upper  surface  near  the  supports 
is  rendered  convex  when  the  action  of  the  load  depresses  the 
centre,  the  fibres  in  the  concave  sides  suffer  pressure,  and  those 
on  the  convex,  tension;  thus,  near  the  supports  the  upper  fibres 

suffer  tension  and  the  lower  fibres 
compression,  and  in  the  centre 
the  reverse  is  the  case,  as  in  a 
beam  only  supported  at  both  ends, 
the  points  A,  B,  fig.  15,  dividing 
the  curves,  are  termed  points  of 
contrary  flexure ;  between  these 
points  the  case  is  that  of  an  ordi- 
nary beam  supported  at  both  ends, 
A  and  B;  the  shearing  stress  is 
greatest  at  A  and  B,  and  at  these 
points  there  is  neither  pressure  nor  tension  within  the  beam,  but 
simply  shearing  stress;  between  each  of  the  points  of  contrary 
flexure  and  the  nearer  support,  the  case  is  that  of  a  beam  fixed 
at  one  end  and  loaded  at  the  other,  and  the  shearing  force  is  a 
maximum  close  to  the  support.  Such  a  beam  of  uniform  section 
should  theoretically  break  at  the  ends,  or  in  three  places  at  once — 
viz.,  in  the  centre  and  close  to  each  support,  but  never  in  the 
centre  only.  Tt  has  been  contended  that  the  fixed  beam  has 
twice  the  strength  of  a  similar  beam  merely  supported,  because 
it  may  be  regarded  as  having  "the  strength  of  two  fixed  beams  of 
half  the  span  carrying  half  the  load,  in  addition  to  the  strength 
of  the  same  beam  merely  supported  at  both  ends,  and  that  this 
much  strength  is  necessarily  used  up  in  fracturing  the  beam  in 
three  places;  but  it  has  also  been  contended  that  the  strain  of 
the  fibres  at  the  centre  is  much  greater  than  at  the  supports,  and 
that  only  half  the  force  is  used  up  in  causing  the  two  end 
fractures,  as  in  causing  the  fracture  at  the  centre ;  therefore  the 
beam  with  fixed  ends  is  only  half  as  strong  again,  as  the  same 
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team  would  be  if  merely  supported  and  loaded  in  each  case  in 
the  centre.  The  fixed  beam  may  be  conceived  to  be  divided  into 
three  parts  by  the  points  of  contrary  flexure,  each  part  acting  as 
a  separate  beam;  the  parts  near  the  supports  are  beams  fixed  at 
one  end  and  loaded  at  the  other,  the  load  being  attached  at,  and 
acting  through,  the  points  of  contrary  flexure;  the  central  segment 
of  the  beam  forms  a  small  beam  supported  at  each  end  by  its 
attachment  to  the  side  portions.  It  is  evident  in  the  case  sup- 
posed that  the  action  of  the  load  will  depend  on  the  positions  of 
the  points  of  contrary  flexure;  let  these  points  be  situated  at  one- 
fourth  the  span  from  the  supports,  the  central  part  will  be  one 
half,  the  side  parts  one  quarter  the  original  span;  the  centre  part 
considered  as  a  beam  will,  having  half  the  original  span,  bear 
double  the  load  the  centre  beam  would  bear  if  merely  supported ; 
each  of  the  side  segments  being  one-fourth  the  original  span  will 
bear  the  same  load  as  the  original  beam  supported  at  both  ends 
and  loaded  in  the  centre ;  hence  the  two  together  are  twice  as 
strong  as  the  original  beam  so  supported  and  loaded,  and  are 
together  as  strong  as  the  centre  segment;  therefore  the  beam 
will  fail  at  three  places  at  once  with  its  ultimate  load,  the  three 
segments  being  equally  strong.  If  the  points  of  contrary  flexure 
were  nearer  the  supports  than  one-fourth  of  the  span,  the  central 
segment  would  be  weaker,  and  although  the  side  segments  would 
be  stronger  because  shorter,  the  beam  would  fail  in  its  weakest 
place  (the  centre),  and  would  be  less  than  twice  as  strong  as  if 
merely  supported.  This  case  cannot  occur  if  the  ends  are 
properly  fixed,  for,  the  side  segments  must  in  this  case  be  at 
least  as  stiff  as  the  centre.  If  the,  points  of  contrary  flexure 
were  nearer  the  centre  than  the  supports,  then  the  side  segments 
would  (considered  as  small  beams)  be  increased  in  length,  and 
their  resistance  would  be  diminished  proportionately;  in  this 
case  the  fractures  would  occur  at  the  sttpports,  and  the  whole 
beam  would  be  less  than  twice  as  strong  as  a  similar  beam 
merely  supported  at  the  ends  and  loaded  in  the  middle.  From 
the  above  reasoning  it  is  concluded  the  maximum  strength  -of  a 
beam  fixed  at  the  ends,  loaded  in  the  centre,  and  uniformly  stiff 
— i.e.,  of  iiniform  section,  is  twice  the  strength  of  a  similar  beam 
similarly  loaded  but  merely  supported  at  the  ends;  and  the 
maximum  advantage  due  to  fixing  the  ends  is  only  obtained 
when  the  fixing  is  perfect,  a  condition  difficult  to  fulfil.  The 
above  conclusion  agrees  with  the  results  of  the  most  recent 
mathematical  investigations,  and  is  that  generally  accepted ; 
some  authors,  however,  state  the  strength  of  the  fixed  beam  as 
low  as  once  and  a  half,  others  as  high  as  three  times  that  of  the 
merely  supported  beam.     In  bridges,  the  girders  are  fixed  by 
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being  made  continuous  from  bay  to  bay.  If  a  telegraph  mast  be 
fixed  in  tbe  ground  and  guys  be  attached  at  the  top,  it  resists  a 
transverse  strain  as  a  beam;  but  for  the  bottom  to  be  regarded 
as  fixed  it  is  necessary  it  be  set  in  masonry  or  brick-work, 
because  the  distance  to  which  such  posts  are  buried,  and  the 
resistance  of  the  earth  near  the  surface  are  so  small,  that  no 
appreciable .  increase  of  resistance  can  be  calculated  on  with 
certainty  as  due  to  fixing  in  the  'earth.  Even  in  brickwork  or 
masonry  the  fixing  is  generally  far  from  perfect,  particularly 
when  the  joints  are  new  or  have  deteriorated.  A  telegraph 
pole  or  mast  stayed  from  the  top  and  fixed  in  earth  only,  when 
subjected  to  transverse  strain,  must  be  regarded  as  a  beam 
supported  at  each  end.  If  a  mast  have  two  tiers  of  stays,  it  not 
only  resists  a  transverse  load  better  by  reason  of  its  being  divided 
into  two  beams  each  of  half  the  span,  it  offers  a  still  greater 
resistance,  for  it  presents  a  case  like  that  of  a  girder  continuous 
over  two  bays ;  one  segment  cannot  be  strained  without  straining 
the  other,  and  there  is  consequently  an  increase  of  strength  due 
to  the  increased  resistance  to  flexure.  As  masts  taper  upwards, 
and  are  not  therefore  uniformly  stiff  at  each  section,  the  stays 
should  not  divide  the  mast  into  equal  bays,  but  the  length  of 
each  segment  into  which  the  attachments  of  the  stays  divide  the 
mast,  should  be  directly  as  the  stiffness  of  the  segment;  thus, 
there  should  usually  be  a  greater  distance  between  the  ground 
and  the  first  tier  of  stays,  than  between  the  first  and  second 
tiers.  Sometimes  in  a  timber  mast  the  positions  of  the  stays  are 
necessarily  decided  by  other  considerations,  as  the  height  of  the 
mast-head  or  the  position  of  a  joint  in  the  timber. 

126.  It  is  evident  if  a  telegraph  pole  be  regarded  as  a  beam, 
its  strength  will  be  inversely  as  its  height,  directly  as  its  width, 
and  as  the  square  of  its  depth ;  while,  if  stayed  from  the  top,  its 
strength  will  be  increased  at  least  four  times,  even  if  the  strain- 
ing force  be  applied  at  the  centre  of  its  length.  It  is  evident 
that  a  rectangular  post  should  be  placed  with  its  greatest  trans- 
verse dimension  in  the  direction  of  the  greatest  transverse 
strain — e.g.,  in  angle  or  terminal  posts  the  greatest  transverse 
dimension  should  bisect  the  angle  or  be  in  the  line  of  strain 
respectively.  From  the  above  it  is  evident  a  post  may  generally 
be  strengthened  transversely  cheaper  by  staying  than  by 
increasing  its  dimensions,  and.  thereby  adding  to  the  quantity 
of  material,  cost  of  carriage,  &c. ;  but  if  the  transverse  dimen- 
sions have  to  be  increased  by  increasing  the  depth  only  when 
admissible,  the  additional  material  is  applied  to  the  greatest 
advantage. 

127.  The  beams  referred  to  above  are  solid  rectangular  beams; 
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the  strength  of  cylindrical  beams  follows  the  same  laws,  being 
inversely  as  the  length,  and  directly  as  the  cube  of  the  diameter. 
In  a  square  beam,  the  width  and  depth  being  equal,  these  quan- 
tities may  be  considered  together,  and  the  cube  of  the  depth  or 
width  may  be  substituted  for  the  square  of  the  depth  multiplied 
by  the  width.  The  strength  of  a  cylindn  al  beam  is  to  that  of 
a  similar  beam  of  square  section  of  equal  sectional  area  as  845  to 
1000.  The  strength  of  a  hollow  cylinder  or  tube  is  to  that  of  a 
solid  cylinder  of  equal  sectional  area — i.e.,  containing  the  same 
quantity  of  matter,  as  the  difference  between  the  fourth  powers 
of  the  exterior  and  interior  diameters,  divided  by  the  exterior 
diameter  of  the  tube,  is  to  the  cube  of  the  diameter  of  the  solid 
cylinder.  The  strength  of  hollow  uniform  tubes,  welded  in  lieu 
of  being  riveted,  having  circular,  elliptical,  and  rectangular 
sections,  was  found  to  be  as  the  numbers  13,  15,  and  18  respec- 
tively ;  the  material  of  which  such  hollow  beams  are  made  is 
generally  wrought  iron,  and  experiments  on  the  strength  of 
such  tubes  have  been  confined  to  that  material.  It  is  manifest 
from  the  above  that  masts  are  stronger  with  butt  or  welded 
longitudinal  joints  than  with  lap  joints,  because  in  the  latter 
case  the  correct  cylindrical  form  is  necessarily  departed  from. 

128.  Beams  are  sometimes  made  in  the  form  of  tubes,  the  top 
of  the  tube  corresponding  to  the  compressed  flange,  the  bottom 
to  the  extended  flange,  and  the  sides  to  the  web,  in  the  flanged 
girder;  in  such  beams,  when  of  .very -large  size,  the  top  and 
bottom  are  generally  formed  of.  a  series  of  cells  rather  than  of 
one  piece — such  a. girder  is  termed  a  tubular  girder ;  when  the 
tube  is  smaller,  and  not  cellular  at  the  top  and  bottom,  it  is 
termed  a  box  girder.  Girders  are  sometimes  made  of  a  top  and 
bottom  flange,  connected  by  lattice  work  formed  of  bars  or  strips; 
these  strips  form  the  web,  and  they  are  placed  at  an  angle  of 
45°  with  the  flanges,  as  this  is  the  angle  at  which  the  shearing 
force  tends  to  fracture  the  web.  Telegraph  and  signal  poles 
have  been  made  combining  the  lattice  and  box  girder  principles ; 
they  are  of  square  section,  the  corners  are  formed  of  angle  irons, 
and  the  sides  are  filled  in  with  curved  flat  iron.  The  idea 
is  ingenious,  but  the  flat  metal  being  curved,  and  being  placed 
with  its  width  horizontal  instead  of  vertical,  the  post  is  not  so 
strong  as  it  would  be  if  the  flat  iron  were  placed  on  edge  and  in 
angles  rather  than  in  curves.  Poles  have  also  been  designed 
strictly  in  accordance  with  the  principles  laid  down,  the  corners 
being  of  angle  iron,  and  the  sides  filled  in  with  lattice  work  pre- 
cisely like  that  in  lattice  girders. 

129.  Flanged  iron  beams  are  not  used  as  a  rule  in  telegraph 
practice;  when  iron  posts  of  any  special  form  are  employed,  the 

p 


66  GENERAL   PRINCIPLES   OF   STRENGTH   AND   STABILITY. 

strength  is  more  easily  and  certainly  decided  by  experiment,  the 
maker  should  in  such  case  understand  the  transverse  strain  the 
post  should  resist  at  its  summit,  or  at  a  given  height  from  the 
ground.  No  general  rule  can  be  given  for  determining  the 
strength  of  a  flanged  beam  of  any  form;  experiments  have  to  be 
made  on  each  form  of  section,  and  thus  a  separate  rule  deduced 
for  each  form,  by  means  of  which,  from  the  data  obtained  by 
experiment,  the  strength  of  similar  beams  of  different  dimensions 
may  be  ascertained  by  calculation.  The  rules  for  some  of  the 
commonest  forms  of  flanged  beams  are  given  in  Paragraph  331. 
The  shearing  force,  its  distribution,  and  the  bending  moment, 
may  be  found  as  described  above;  these  particulars  being  inde- 
pendent of  the  form  of  section  of  the  beam,  the  principles  are 
applicable  to  beams  of  every  form.  The  strength  of  lattice  girders 
made  up  of  top  and  bottom  flanges,  or  booms,  connected  by  lattice 
•work  of  bars  at  45°  to  the  booms,  may  be  calculated  without 
sensible  error  by  considering  the  tension  and  pressure  borne 
entirely  by  the  flanges,  and  the  shearing  force  by  the  lattice  web. 

130.  In  calculating  the  strength  of  beams  which  are  pierced 
for  bolts,  rivets,  or  similar  fastenings,  it  is  necessary  to  deduct 
the  area  of  such  fastenings  from  the  area  on  which  the  transverse 
strength  is  calculated,  if  such  fastenings  are  inserted  in  the  por- 
tion of  the  beam  suffering  extension;  but  when  fastenings  occur 
in  the  compressed  part  of  a  beam,  if  the  fastenings  fit  the  holes 
made  to  receive  them,  they  do  not  weaken  the  beam  appreciably, 
for  they  offer  the  resistance  which  would  have  otherwise  been 
offered  by  the  original  matter  removed  in  making  the  hole.  In 
riveting  or  bolting  brackets  or  insulators  to  bridge  girders,  in 
boring  poles  subject  to  transverse  strain  for  fastenings  for  ties, 
brackets,  &c,  in  cutting  mortises  in  beams  and  poles  subject  to 
transverse  strain,  and  in  all  similar  cases,  the  hole  or  mortise 
should  be  cut  in  the  compressed  part  of  the  bar,  and  the  bolt  or 
tenon  should  fit  well. 

131.  In  increasing  the  strength  of  a  beam  by  increasing  its 
depth,  it  is  necessary  to  join  the  pieces  in  such,  a  manner  that 
they  cannot  slide  on  each  other  when  strained;  for  if  two  equal 
rectangular  beams  be  placed  together  to  form  one  of  twice  their 
common  depth,  and  they  be  so  connected  as  to  act  as  one  piece, 
the  combination  will  be  four  times  as  strong  as  either  taken 
separately,  the  strength  being  as  the  square  of  the  depth.  But 
if  the  two  beams  be  simply  placed  together,  when  strained  they 
will  slide  on  each  other  like  the  plates  of  a  carriage  spring,  and 
the  combination  will  be  only  twice  as  strong  as  each  beam  sepa- 
rately. Telegraph  poles  are  sometimes  coupled  in  pairs  when 
required  to  resist  considerable  transverse  loads;  in  this  case  the 
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axes  of  the  posts  are  placed  in  the  line  of  direction  of  the  load; 
and  it  is  evident  if  the  posts  be  joined  so  as  to  act  as  one  post  of 
twice  the  depth,  the  combination  is  four  times  as  strong  as  either 
post  by  itself.  Telegraph  poles  when  coupled  are  usually  sepa- 
rated by  short  struts,  which  keep  them  apart,  and  give  a  still 
greater  increase  of  depth;  in  this  case  the  combination  is  as 
strong  as  if  the  space  between  the  posts  were  filled  with  solid 
matter,  in  fact  this  combination  acts  like  a  flanged  girder.  With 
the  short  distance  between  the  posts  generally  allowed,  the  com- 
bination is  about  five  times  as  strong  as  a  single  post;  but  to 
gain  this  advantage  the  straining  force  must  act  truly  in  the 
plane  passing  through  the  axes  of  the  posts,  and  the  connection 
between  the  posts  must  be  such  as  to  make  them  act  as  one  piece. 
The  latter  condition  is  seldom  fulfilled  by  iron  posts  coupled  by 
clamps;  in  this  case  diagonal  braces  should  be  used  to  divide 
the  plane  between  the  axes  of  the  posts  into  triangles,  as  in  the 
lattice  girder,  in  order  to  gain  the  maximum  advantage  from 
the  increased  depth. 

132.  As  the  bending  moment  or  leverage  with  which  a  load 
acts  on  a  beam  is  greatest  in  a  cantilever  near  the  support,  and 
diminishes  to  0  under  the  load,  and  in  a  .beam  supported  at  both 
ends  greatest  under  the  load  and  vanishes  at  the  support,  it  is 
evident  that  equal  strength  is  not  required  in  every  part  of  a 
beam's  length;  if  therefore,  a  beam  be  uniformly  strong  through- 
out its  length,  there  must  be  excessive  material,  in  the  cantilever 
towards  the  load,  and  in  the  beam  supported  at  both  ends  near 
the  support.  Experiment  proves  this,  for  if  uniform  in  section, 
the  cantilever  always  breaks  at  the  support,  and  the  beam  sup- 
ported at  each  end  under  the  resultant  of  the  load.  If  the 
strength  of  a  beam  were  so  adjusted  as  to  be  at  every  cross 
section  proportionate  to  the  leverage  of  the 
load  at  that  section — i.  e.,  to  the  bending 
moment  at  that  section — then  the  beam 
would  no  longer  tend  to  break  always  at 
the  same  place,  but  it  would  theoretically 
fail  at  every  section  simultaneously.  Let 
AB  (fig.  16)  represent  a  cantilever,  fixed 
at  A,  and  loaded  at  B;  as  the  bending 
moment  or  effect  of  the  load  is  greatest  at 
the  end  A,  and  diminishes  towards  B,  it  is 
evident  the  beam  may  be  made  thinner  as 
B  is  approached,  without  in  any  way  dimi- 
nishing its  power  to  support  the  load — i.  e.,  j>£g  lg 
there  is  a  waste  of  material  if  the  beam  be 
of  uniform  section  from  A  to  B,  and  the  beam  if  uniform  is  really 
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weaker  than  the  same  beam  made  thinner  towards  B,  because 
the  weight  of  the  material  of  the  beam  forms  part  of  its  load 
(Paragraph  61),  and  the  removal  of  all  such  matter  as  does  not 
increase  strength  leaves  a  larger  margin  of  strength  to  bear  an 
external  load..  Part  of  the  material  of  the  cantilever  may  there- 
fore be  so  removed  as  to  diminish  the  depth  gradually  towards 
B,  the  width  remaining  the  same,  fig.  16 ;  in  this  case  the  square 
of  the  depth  at  any  section  must  be  proportionate  to  the  distance 
of  the  section  from  A;  the  lower  surface  of  the  beam  should  be 
curved,  and  the  matter  below  the  dotted  line  in  the  figure 
removed.  The  curve  is  a  parabola,  and  one-third  of  the  material 
of  the  beam  may  be  removed  without  impairing  its  strength. 
The  upper  instead  of  the  lower  surface  of  the  beam  may  be  curved 
in  the  same  manner  with  the  same  result. 
Por  a  uniformly  distributed  load,  the  depth 
only  being  varied,  the  longitudinal  section 
of  the  beam  becomes  a  triangle  with  its  apex 
at  B.  Instead  of  varying  in  depth,  a  canti- 
lever may  vary  in  width,  the  width  being 
■j?ia  if  made  proportionate  to  the  bending  moment 

at  each  section ;  in  this  case,  with  the  load  at 
B,  the  plan  of  the  beam  is  a  triangle  with  its  apex  at  B;  with  a 
uniform  load  the  plan  is  two  parabolas  touching  at  B,  fig.  17. 

133.  A  beam  supported  at  both  ends  may  have  its  width  or 
depth  varied  in  a  similar  manner,  according  to  the  mode  of 
application  of  the  load;  for  a  load  concentrated  at  any  section, 
the  product  of  the  width  into  the  square  of  the  depth  at  each 
section  must  be  made  proportionate  to  the  distance  of  the  section 
from  the  adjacent  point  of  support.  If  the  depth  be  constant, 
the  width  being  varied,  the  plan  of  the  beam  becomes  two  tri- 
angles having  their  common  base  under  the  load,  and  their  apices 
at  the  points  of  support;  if  the- depth  only  be  varied,  the  longitu- 
dinal section  presents  two  parabolas  meeting  under  the  load,  and 
having  their  vertices  at  the  points  of  support.  "With  a  uniformly 
distributed  load,  the  product  of  the  width  into  the  square  of  the 
depth  at  any  section  being  made  proportional  to  the  product  of 
the  distances  of  the  section  from  the  points  of  support,  the 
longitudinal  section  with  constant  width  is  an  ellipse ;  and  the 
plan,  the  depth  being  constant,  presents  a  pair  of  parabolas 
having  their  vertices  in  the  middle  of  the  length  of  the  beam, 
and  their  common  base  in  the  middle  of  its  width.  From  the 
above  it  appears  a  beam  may  be  made  sharp  where'  the  bending 
moment  vanishes,  but  this  cannot  be  done,  because  the  shearing 
force  must  be  resisted;  hence  the  bearing  surface  of  the  beam 
must  be  sufficient  to  resist  the  shearing  force,  irrespective  of  its 
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resistance  being  proportioned  at  each  section  to  the  bending 
moment.  For  this  reason,  in  practice  beams  are  made  extended 
at  the  bearings  to  resist  the  shearing  force  and  to  prevent  the 
beam  turning.  In  practice  the  taper  is  not  always  confined  to 
one  dimension;  in  some  cases  both  the  width  and  depth  are 
varied  in  order  to  proportion  the  strength  of  the  beam  at  each 
section  to  the  moment  of  flexure,  the  total  variation  being 
divided  between  the  width  and  depth.  Long  crane  jibs  and 
shear-leg  poles  are  bent  like  beams,  and  the  best  form  for  these 
is  that  of  a  parabolic  spindle;  this  is  the  form  a  beam  would 
assume  if  its  cross  section  were  circular,  and  its  resistance  at 
every  section  made  proportional  to  the  bending  moment.  Some- 
times a  conical  spindle  is  used,  as  approaching  the  parabolic  form 
near  enough  in  practice.  In  such  a  beam  the  ends  should  have 
two-thirds  the  area  of  the  greatest  section.  The  variations  of 
width,  depth  being  constant,  are  applicable  to  flanged  girders  of  the 
T  and  double  flanged  sections.  The  tapering  of  beams  is  of  great 
importance  in  metal  beams,  particularly  when  of  great  weight,  as 
there  is  a  proportionate  saving  in  expense  of  manufacture  and 
carriage,  and  additional  available  strength.  Timber  beams  may 
be  strengthened  by  adding  smaller  timbers,  so  as  to  increase  the 
depth  proportionately  to  the  bending  moment  at  each  section, 
such  practice  being  much  more  economical  than  adding  to  the 
thickness  of  the  beam  throughout  its  entire  length. 

134.  Telegraph  poles  subjected  to  transverse  strain  should  not 
be  uniformly  strong  throughout  their  length:  a  pole  fixed  in  the 
ground  and  unstayed  should  diminish  in  strength  towards  the 
top,  and  should  have  about  two-thirds  the  strength  at  the  point 
of  application  of  the  load  it  has  at  the  base.  The  proportions 
of  tied  and  strutted  poles  should  also  be  regulated  by  the 
principles  stated  for  beams.  If  an  iinstayed  pole  be  too  much 
tapered  it  will  break  with  its  ultimate  load  above  the  ground 
line;  the  proportions  should  place  the  breaking  point  at  the 
ground  line ;  therefore  a  timber  post  should  not  have  a  less 
cross  sectional  area  at  the  point  of  application  of  the  force  than 
about  two-thirds  that  at  the  ground  line.  A  post  if  too  weak 
should  be  strengthened  in  accordance  with  the  above  principles, 
by  the  addition  of  material,  not  necessarily  through  its  whole 
length,  but  distributed  prop6rtionately  to  the  bending  moment 
at  each  section.  It  should  be  remarked,  in  iron-plate  posts  of 
large  size,  if  the  plate  be  very  thin  compared  with  the  diameter 
of  the  tube,  the  tube  is  stronger  as  its  diameter  diminishes; 
therefore,  as  the  diameter  of  the  tube  decreases  upwards,  the 
gauge  of  the  plate  may  be  reduced  where  less  strength  is 
required.     Thus,  a  mast  in  which  the  lowest  segments  are  of 
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^-inch  plate,  may  have  upper  segments  of  ^-inch  plate  with 
advantage,  both  on  account  of  the  smaller  diameter  of  the  upper 
segmental  tubes,  and  by  reason  of  the  bending  moment  being 
less  above  than  below. 

135.  The  laws  of  strength  in  beams  have  been  stated  without 
reference  to  the  weight  of  the  beam;  but  the  weight  of  the  beam 
itself,  when  acting  with  the  load,  must  be  added  to  the  external 
load  to  form  the  gross  load,  to  bear  which  the  strength  of  the 
beam  must  be  proportioned.  If  the  weight  of  the  beam  be  small 
compared  with  the  external  load,  as  in  short  timber  beams,  the 
weight  of  the  beam  itself  is  neglected;  but  in  heavy  metal  beams 
the  weight  of  the  beam  cannot  be  neglected  with  safety — e.g., 
a  cast-iron  beam  may  use  up  one-fourth  of  its  available  strength 
in  bearing  its  own  weight.  It  is  usual  to  design  the  beam  pro- 
visionally to  bear  the  external  load  only,  then  to  calculate  the 
weight  of  the  beam,  and  increase  the  strength  to  bear  the  gross 
load,  if  the  weight  of  the  beam  compared  with  the  external  load 
renders  such  increase  necessary.  In  the  case  of  a  telegraph  pole 
subjected  to  a  transverse  load,  if  the  pole  be  vertical  and  the 
direction  of  the  load  horizontal,  the  weight  of  the  post  forms  no 
part  of  the  transverse  load. 

136.  If  a  beam  be  inclined  to  the  load,  as  in  figs.  18  and  19, 
the  lines  A  B  perpendicular  to  the  load  represent  the  reduced 
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span  on  which  the  transverse  strength  of  the  beam  should  be  cal- 
culated; in  fig.  18  the  inclined  beam  is  stronger  than  a  beam  of  the 
same  length  perpendicular  to  the  load  in  the  ratio  AC  :  AB,  the 
effect  of  inclining  the  beam  being  to  reduce  the  span.  For 
example,  if  GA,  fig.  18,  represent  a  post  loaded  at  A,  the  resist- 
ance of  the  post  would  be  that  of  a  similar  cantilever  of  length 
AB,  placed  in  the  line  AB.  If  fig.  19  represent  a  beam  sup- 
ported at  each  end,  and  loaded  in  the  centre  or  elsewhere,  its 
resistance  is  that  of  a  beam  of  similar  section  perpendicular  to 
the  load  and  equal  in  span  to  AB.  The  case  shewn  in  fig.  18  is 
presented  by  an  angle  post,  the  tie  or  strut  of  which  has  been 
accidentally  removed;  the  post  then  gives  to  the  load,  until,  by 
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reason  of  the  decrease  of  leverage  to  AB,  the  compression  of  the 
earth,  and  the  slacking  of  the  line,  equilibrium  is  established 
between  the  forces  acting  on  the  post.  It  is  evident  in  the  cases 
considered  the  load  may  be  resolved  into  two  components,  one 
acting  in  the  direction  of  the  beam,  and  one  at  right  angles  to  its 
direction ;  the  former  component  only  producing  bending  stress, 
the  latter  producing  pressure  or  tension  in  a  cantilever,  or  pres- 
sure towards  one  support  and  tension  from  the  other,  in  a  beam 
supported  at  both  ends. 

137.  The  transverse  strength  of  different  materials  is  obtained 
by  experiment ;  the  numbers  given  in  tables  of  transverse 
strength  signify  the  ultimate  load  in  pounds  acting  in  a  direction 
at  right  angles  to  the  beam's  length,  concentrated  at  the  centre 
of  a  bar  of  each  kind  of  material  1  inch  wide,  1  inch  deep,  and 
supported  on  supports  1  foot  apart.  "With  the  data  supplied  by 
such  a  table  it  is  evident  the  strength  of  any  beam  of  simple 
form  of  section,  given  dimensions,  arrangement  of  supports,  dis- 
tribution of  load,  and  nature  of  material,  may  be  readily  calcu- 
lated approximately  from  the  principles  enumerated  above — the 
constants  being  used  with  caution,  and  experiment  and  observa- 
tion being  preferred  when  attainable. 

138.  The  deflection  with  a  given  load  of  any  point  in  a  beam 
is  the  displacement  of  that  point  from  its  position  when  the 
beam  is  unloaded ;  the  deflection  of  the  beam  is  that  of  the  point 
in  it  which  suffers  greatest  displacement.  When  the  load  is  less 
than  the  proof  load,  the  deflection  of  a  given  beam  is  nearly 
proportional  to  the  load ;  but  when  the  proof  load  is  exceeded, 
the  deflection  increases  irregularly,  and  in  a  greater  ratio  than 
the  load  is  increased.  For  loads  not  exceeding  the  proof  load  : 
The  deflection  of  solid  rectangular  beams  of  the  same  material, 
and  under  equal  loads,  similarly  distributed,  varies  directly  as 
the  cube  of  the  length,  and  inversely  as  the  width  and  cube  of  the 
depth.  The  deflection  of  solid  cylindrical  beams  is  directly  as 
the  cube  of  the  length,  and  inversely  as  the  fourth  power  of  the 
diameter.  The  deflection  in  flanged  girders  is  directly  as  the 
sum  of  the  areas  of  the  cross  sections  of  the  flanges,  as  the  cube 
of  the  length,  and  inversely  as  the  product  of  the  areas  of  the 
cross  sections  of  the  flanges  and  the  square  of  the  depth  of  the 
web.  Stated  generally,  the  deflections  of  similar  beams  of  the 
same  material,  under  equal  loads,  similarly  distributed,  are 
directly  as  the  cubes  of  the  lengths,  and  inversely  as  the 
breadths  and  cubes  of  the  depths. 

139.  Under  proof  loads,  the  deflection  of  similar  beams  of  the 
same  material  is  as  the  squares  of  the  lengths, .  and  inversely  as 
the  depths,  the  loads  being  similarly  distributed. 
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140.  The  deflection  of  a  beam  fixed  at  one  end  and  loaded 
at  the  other  is  equal  to  that  of  a  beam  of  the  same  material 
and  section,  supported  at  both  ends,  of  twice  the  length,  bear- 
ing double  the  load  at  its  centre — i.e.,  a  cantilever  loaded  at 
the  end  is  deflected  sixteen  times  as  much  as  the  same  beam 
would  be  deflected,  if  supported  at  both  ends  and  loaded  in  the 
centre  with  the  same  load. 

141.  If  the  load  be  uniformly  distributed  over  a  beam  sup- 
ported at  both  ends,  the  deflection  is  only  five-eighths  that 
which  the  same  load  would  cause  if  concentrated  at  the  centre 
of  the  same  beam.  The  deflection  of  a  beam  fixed  at  one  end, 
and  uniformly  loaded,  is  three-eighths  that  the  same  load  would 
produce  if  concentrated  at  the  end  of  the  same  beam. 

142.  If  a  beam  be  bent  beyond  a  certain  point,  its  elasticity  is 
injured,  a  sensible  permanent  set  is  produced,  and  the  beam  is 
weakened ;  if  the  application  of  the  excessive  load  be  repeated, 
the  beam  will  sooner  or  later  fail.  It  is  necessary,  therefore, 
that  the  deflection  of  a  beam  never  be  allowed  to  exceed  a 
certain  proportion  of  the  span ;  this  proportion  is,  for  timber 
about  -j-Itj-j  cast  iron  y^,  wrought  iron  and  steel  yj^ ;  if  these 
proportionate  deflections  be  exceeded,  a  permanent  set.  is  pro- 
duced. In  practice  the  deflection  varies  for  the  proof  load 
between  ^J^  and  -g^,  and  for  the  working  load  between  ^J^  and 
1g100  of  the  span.  The  necessity  for  limiting  the  deflection,  and 
the  fact  that  rigidity  decreases  in  a  greater  ratio  than  mere 
strength,  renders  it  advisable  in  designing  beams  to  decide  upon 
the  depth  necessary  to  give  the  required  stiffness,  and  then  pro- 
portion the  width  so  as  to  give  the  necessary  strength ;  this  is 
the  order  generally  followed. 

143.  The  deflection  in  any  particular  case  may  be  calculated 
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The  constants  for  wood  are  given  on  the  authority  of  Messrs. 
Barlow  and  Tredgold  respectively,  that  for  cast  iron  on  the 
authority  of  Mr.  Bants,  and  the  last  two  on  that  of  Mr.  Kirkaldy. 
In  practice  the  amount  of  deflection  should  be  obtained,  if 
possible,  by  experiment  or  observation  of  similar  girders  of  the 
same  material.  Constants  should  be  applied  with  great  caution 
(Paragraphs  67  and  299). 

144.  By  means  of  the  following  formulae  may  be  calculated  the 
strengths  and  deflections  of  beams  of  simple  forms.  Let  I,  b,  and 
d  represent  the  length,  breadth,  and  depth  of  a  beam  respectively, 
w  its  ultimate  load,  e  the  constant  of  transverse  strength  for  the 
particular  material — this  constant  being  the  ultimate  load  of  a 
bar  one  inch  square  in  section,  supported  at  points  one  foot 
apart,  and  loaded  in  the  centre ;  m,  a  factor  dependent  on  the 
arrangement  of  supports ;  m^  a  factor  dependent  on  mode  of  dis- 
tribution of  load ;  then 

(Pxixcxmxm, 
»  = j 

m  =  1  for  a  beam  supported  at  both  ends,  and  £  for  a  beam  fixed 

at  one  end; 
m1  =  1  for  a  load  in  centre  of  beam  supported  at  both  ends,  or  at 

end  of  cantilever ;  and  2  for  a  load  equally  distributed ; 

w,  divided  by  a  suitable  factor  of  safety,  is  the  working  strength. 
If  the  ends  of  the  beam  be  fixed,  instead  of  supported,  a  factor 
m2  should  be  introduced  into  the  second  member  of  the  equation, 
the  maximum  value  m2  can  have  is  2.  Let  x  be  the  constant  of 
deflection ;  this  constant  is  the  quotient  of  the  ultimate  load  in 
pounds  by  the  ultimate  deflection  in  inches,  the  bar  being  one 
inch  square  in  section,  supported  on  supports  one  foot  apart, 
and  loaded  in  the  centre — a,  table  of  these  constants  is  given 
above,  Paragraph  143;  Cj  the  deflection  in  inches,  and  wx  the  load ; 
w,  a  factor  dependent  on  the  arrangement  of  the  supports,  and 
«!>  a  factor  dependent  on  the  mode  of  distribution  of  the  load ; 
then,  under  a  load  not  exceeding  the  proof  load — 

Is  x  w1  x  n  x  % 
Cl  =  ~/bxd3x.x     ' 

With  both  ends  supported  w=l;  with  one  end  fixed  w=16; 
with  the  load  in  the  centre  of  a  beam,  supported  at  both  ends  or 
at  the  end  of  a  cantilever,  n^  =  1 ;  when  the  load  is  evenly  dis- 
tributed %  =  !  for  a  beam  supported  at  both  ends,  and  §  for  a 
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cantilever.  If  a  beam  be  firmly  fixed  at  both  ends  the  deflection 
is  reduced  to  one-fifth  of  that  of  a  merely  supported  beam.  The 
above  formulae  apply  to  rectangular  and  cylindrical  beams;  the 
constants  apply  to  beams  of  square  section,  and  must  be  multi- 
plied by  y£  to  render  them  applicable  to  beams  of  circular  section. 
The  formulae  are  applicable  to  beams  of  any  section,  but  not  the 
constants ;  hence  similar  beams  of  any  given  form  of  section  may 
be  compared  by  means  of  the  formulas ;  and  their  strength  and 
deflection  may  be  ascertained,  if  the  constants  be  previously 
ascertained  by  experiment  for  the  particular  form  of  section. 
The  following  is  a  more  general  rule  for  finding  the  deflection  of 
a  beam : — 

w,  x  Z3 
Cl  =  48xexl' 

e  =  modulus  of  elasticity  of  the  material ; 

I  =  moment  of  inertia,  of  the  section  of  rupture,  or  of  the  section 
of  the  beam  if  of  uniform  section  (Paragraph  32). 


CHAPTER  III. 

GENERAL  PRINCIPLES  OP  EQUILIBRIUM  AND  STABILITY. 

Section  I. — Frames. 

145.  A  structure  is  composed  of  solid  materials,  which  may  be 
either  stiff,  as  stone,  wood,  &c,  or  loose,  as  earth,  sand,  &c, 
the  pieces  of  material  being  put  together  so  as  to  preserve 
the  form  of  the  structure  and  arrangement  of  its  component 
pieces,  under  the  conditions  to  which  the  structure  must  be  sub- 
jected while  fulfilling  its  purpose.  The  several  solid  bodies  com- 
posing a  structure  are  termed  its  pieces ;  the  surfaces  at  which 
the  pieces  touch  each  other  and  are  connected  together  are 
termed  joints.  If  the  structure  be  fixed  relatively  to  the  earth, 
the  portion  of  the  solid  matter  of  the  earth  which  immediately 
supports  it  is  termed  its  foundation. 

146.  In  order  that  it  may  fulfil  its  purpose  permanently  and 
efficiently,  a  structure  must  possess  due  stability,  strength,  and 
rigidity.     Stability  consists  in  the  forces  acting  on  the  structure 
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as  a  whole,  and  likewise  those  acting  on  each  component  piece  of 
the  structure,  being  balanced.  These  forces  are,  in  the  former 
case,  the  weight  of  the  structure,  the  external  forces,  and  the 
upward  pressure  of  the  earth ;  in  the  latter  case,  the  weight  of 
the  piece,  the  external  forces  acting  on  it,  and  the  forces  acting 
between  it  and  the  adjacent  pieces  in  contact  with  it.  Strength 
consists  in  the  forces  acting  between  the  parts  of  each  piece  of  a 
structure  into  which  the  piece  may  be  conceived  to  be  divided, 
balancing  each  other.  Rigidity  or  stiffness  is  intimately  con- 
nected with  strength,  and  both  qualities  are  necessarily  con- 
sidered together ;  as  defined  in  Paragraph  50,  it  is  that  quality 
of  bodies  or  structures  by  which  they  resist  change  of  figure.  In 
forming  a  structure  the  material  and  dimensions  of  each  piece, 
and  the  manner  of  combining  the  pieces  into  a  structure,  must 
be  such  that  the  alteration  of  figure  of  each  piece  and  of  the 
whole  structure  may  be  confined  within  certain  limits,  under 
every  possible  set  of  conditions  to  which  the  structure  may  bo 
subjected.  In  the  term  force,  it  should  be  remarked,  the  upward 
pressure  of  the  earth  supporting  the  structure,  and  the  power  by 
which  bodies  resist  forces  tending  to  fracture  them  (stress),  are 
included. 

147.  A  structure  composed  of  bars  or  rods,  or  these  combined 
with  cords  or  chains  jointed  together,  is  termed  a  frame.  In  small 
works,  as  in  joinery,  the  strength  of  the  work  is  often  dependent 
on  the  resistance  offered  by  the  joint  to  change  in  the  relative 
positions,  at  the  joint,  of  the  pieces  connected ;  but  in  frame- 
work, both  of  wood  and  metal,  of  considerable  size,  constructed 
to  withstand  great  loads,  in  general  the  rigidity  of  the  joints  does 
not  contribute  sensibly  to  the  strength  of  the  structure,  and  the 
bars,  &c,  may  be  regarded  as  movable  about  the  joints,  as  if 
hinged  there.  Very  little  consideration  will  render  evident  the 
fact,  that  in  the  majority  of  frames  constructed  to  bear  considerable 
loads,  the  length  of  the  bars  affords  so  great  a  leverage  to  forces 
tending  to  disturb  their  relative  positions,  that  it  would  be 
impracticable  to  make  the  joints  strong  enough  to  offer  appre- 
ciable,  resistance  to  destruction  or  distortion  of  the  frame  by 
movement  of  the  bars  about  the  fastenings ;  the  rigidity  of  such 
frames  is  necessarily  dependent  on  the  arrangement  of  the  com- 
ponent bars  and  cords. 

148.  The  stress  in  the  component  bars  of  a  frame  is  a  distributed 
stress  distributed  through  their  mass ;  its  intensity  is  measured 
as  explained  in  Paragraphs  24  and  50.  Forces  acting  on  the 
component  bars  of  a  frame  tend  to  displace  the  bars  relative  to 
each  other  at  the  joints  where  they  meet ;  this  tendency  to  dis- 
placement is  resisted  by  the  stress  at  the  joint.    The  point  in  the 
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joint  through  which,  the  resultant  of  the  resistance  passes  is  termed 
the  centre  of  resistance  of  the  joint.  It  is  evident  the  maximum 
strength  of  the  material  cannot  be  available  if  the  position  of  the 
centre  of  resistance  of  the  joint  deviate  much  from  the  centre  of 
figure  of  the  joint.  If  the  centres  of  resistance  of  the  joints  be  con- 
ceived to  be  connected  by  lines,  the  system  of  lines  is  termed  the 
line  of  resistance  of  the  frame.  The  loads  on  the  joints  and  the 
component  bars  of  a  frame,  and  on  the  points  of  support  when  the 
frame  is  supported,  are  computed  by  considering  the  distributed 
forces  acting  on  each  bar  or  joint  as  concentrated  in  the  line  of 
their  resultant  or  resultants  acting  through  the  centres  of  resist- 
ance ;  and  by  compounding  and  resolving  these  resultants  at  the 
centres  of  resistance  by  the  parallelogram  of  forces  or  theory  of 
couples ;  the  total  loads  and  stresses  being  found,  the  intensity  of 
the  distributed  force  is  found  by  dividing  the  resultant  by  the 
surface  or  mass  over  which  it  is  distributed. 

149.  The  component  bars  subjected  to  transverse  strain  are 
termed  beams,  those  suffering  tensile  strain  ties,  and  those  suffering 
compression  struts — terms  already  defined  in  Chapter  II.  The 
action  of  a  load  on  a  tie,  strut,  and  beam,  and  the  mode  of  failure 
of  each  under  an  ultimate  load,  are  fully  considered  in  Chapter  II. 
It  is  evident  if  a  strut  be  movable,  that  its  longitudinal  equi- 
librium is  unstable ;  for,  if  its  axis  deviate  from  the  line  of  direction 
of  the  pressures  it  resists,  these  pressures  form  a  couple  acting  to 
increase  the  deviation  from  the  line  of  pressures,  fig.  20.  If  a 
tie  be  movable,  its  equilibrium  is  stable. 
This  case  is  represented  by  fig.  20  with  the 
directions  of  the  forces  B  and  C  reversed,  A 
representing  the  tie.  If  A,  the  tie  or  strut,  lie 
in  the  line  of  action  of  the  forces  B,  C,  then  the 
whole  of  these  forces  are  resisted  by  the  longi- 
tudinal stress  on  the  rod  A — i.e.,  the  sum  of  the 
forces  is  employed  in  longitudinal  tension  or 
pressure  of  the  rod  A.  If  A  be  at  right  angles 
to  B,  C,  then  there  is  no  longitudinal  tension 
or  pressure  on  A.  At  intermediate  positions, 
as  in  fig.  20,  the  forces  B,  C  may  each  be  resolved 
into  two  rectangular  components,  one  acting  in 
the  direction  of  A  (2,  3),  producing  tension  or  compression  of  A, 
the  other  (3,  4)  acting  at  right  angles  to  A,  forming  one  arm  of 
a  couple  tending  to  rotate  it  on  its  centre.  It  is  evident  the  arm 
of  the  couple  referred  to  above  is  as  the  sine,  and  the  efficiency  of 
the  tie  or  strut  as  the  cosine  of  the  angle  1,  3,  2  between  the 
common  direction  of  the  forces  and  the  line  of  resistance  of  the  tie 
or  strut.     A  strut  requires  therefore  that  care  be  taken  to  place 
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it  exactly  in  the  line  of  the  pressures  to  be  resisted ;  and  -when  so 
placed,  that  means  be  taken  to  prevent  deviation  from  this  line. 
A  tie  may  be  employed  without  such  special  care  or  precaution, 
its  equilibrium  being  stable;  hence,  in  constructing  land  lines 
the  tie  is  preferred,  where  admissible,  to  the  strut.  Struts  are 
frequently  stayed  to  prevent  them  deviating  from  the  position  of 
greatest  efficiency.  A  stay  is  a  rod  or  cord  applied  to  the  end  of 
a  strut  or  tie  to  keep  this  end  in  position,  and  prevent  deviation 
of  the  strut  or  tie  from  the  line  of  action  of  the  load,  the  stay 
merely  keeping  the  strut  or  tie  in  position  tinder  the  action  of  the 
load,  and  not  itself  bearing  any  portion  of  the  load.  An  instance 
of  staying  is  presented  by  a  high  telegraph  mast  supporting  a 
direct  wire,  furnished  with  stays  stretched  from  near  its  summit 
to  the  ground ;  but  in  an  angle  post  the  tie  generally  employed  to 
act  with  the  post  in  resisting  the  horizontal  strain  of  the  lines  is 
not  properly  a  stay  but  a  tie ;  for  it  bears  in  general  its  share  of 
the  load,  and  forms  part  of  the  frame  composed  of  the  tie  and 
strut  attached  to  the  earth.  In  Chapter  II.,  section  6,  the  case  of  a 
beam  having  the  load  and  supporting  pressures  parallel  is  treated, 
and  also  the  case  of  a  beam  placed  obliquely  to  the  load  and  sup- 
porting pressures ;  in  the  latter  case,  the  load  being  resolved  into 
two  rectangular  components,  one  acting  in  the  direction  of  the 
beam's  length,  the  other  acting  perpendicular  to  its  length,  the 
magnitudes  of  these  components  represent  the  longitudinal  and 
transverse  stresses  respectively.  If  the  load  be  inclined  to  two 
parallel  supporting  pressures  some  fourth  force  must  balance  the 
longitudinal  load,  and  in  respect  to 
such  load  the  bar  is  a  tie  or  strut, 
or  tie  on  one  side  of  the  point  of 
application  of  the  load  and  strut  on 
the  other  side.  When  the  support- 
ing forces  and  the  load  are  inclined 
to  each  other,  the  conditions  of  equi- 
librium are  those  of  three  inclined 
forces  (Paragraph  6).  If  AC,  fig.  21, 
represent  a  bar  acted  upon  by  three ' 
forces  (A,  B,  C)  in  equilibrio,  the 
relations  of  the  forces  are  those  of 
the  sides  of  the  triangle  12  3, 
drawn  proportionate  to  the  balanced 
forces  in  magnitude,  and  parallel  to  them  respectively  in  direction ; 
and  the  magnitude  of  each  force  is  as  the  sine  of  the  angle  between 
the  other  two. 

150.  A  frame  of  two  bars  may  be  composed  of  two  struts,  two 
ties,  or  a  tie  and  a  strut,  and  must  abut  against,  or  be  connected 


Fig.  21. 
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with,  two  fixed  points. 
\ 


Fig.  22. 


If  fig.  22  represent  a  frame  of  two  ties 
attached  at  A  and  B,  and  loaded  at 
C,  the  load  on  each  bar  and  on  the 
supports  is  found  by  resolving  the 
load  into  two  components,  Cd,  Ce, 
acting  in  the  directions  of  the  bars, 
and  representing  the  load  on  each 
bar  and  on  the  supports,  both  in 
direction  and  magnitude.  The  equi- 
librium is  evidently  stable,  both  in 
the  plane  of  the  frame  and  at  right 
angles  to  that  plane,  as  deviation  in 
either  direction  must  raise  the  load ;  but  the  system  may  oscillate 
about  A  and  B,  and  may  need  staying  to  prevent  this. 

151.  If  the  diagram  be  inverted  and  the  arrows  reversed,  the 
case  represented  is  that  of  a  frame  of  two  struts,  and  the  load  on 
each  bar  and  the  supports  is  found  as  before,  pressure  being  sub- 
stituted for  tension.  In  this  case  the  position  of  the  bars  is 
fixed  in  the  plane  of  the  frame;  but  in  the  plane  at  right  angles 
to  this  the  equilibrium  is  unstable,  unless  lateral  stays  be  em- 
ployed to  render  it  stable.  An  upright  pair  of  shear  legs  fur- 
nishes an  instance  of  a  stayed  frame  of  two  struts;  an  angle 
pole  strutted  to  the  top  is  an  instance  of  an  unstayed  frame  of 
this  kind.  An  angle  pole  with  a  short  strut  applied  below  the 
load  may  be  considered  as  a  bar  acted  upon  by  three  inclined 
forces — viz.,  the  external  load,  the  pressure  of  the  earth,  and  the 
pressure  of  the  strut  (fig.  21,  Paragraph  149). 


Kg.  24 

152.  Frames  formed  of  a  strut  and  a  tie  are  of  very  common 
occurrence  in  telegraph  practice;  an  angle  pole  and  tie' (some- 
times called  a  stay)  furnishes  an  instance  of  this  kind  of  frame. 
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In  this  frame,  as  in  other  two  bar  frames,  three  inclined  forces  are 
balanced,  and  their  relations  must  fulfil  the  conditions  of  the 
triangle  of  forces  (Paragraph  7).  The  load  being  determined,  it 
is  resolved  into  two  components  acting  in  the  directions  of  the 
two  bars  respectively;  these  components  represent  the  load  on 
each  bar,  and.  the  pressure  and  tension  on  the  supports.  The 
conditions  are  those  of  three  forces  in  equilibrio,  the  load  being 
balanced  by  the  stresses  on  the  bars.  Figs.  23,  24,  and  25  repre- 
sent three  cases ;  the  stress  on  each 
bar  is  directly  as  the  sine  of  the 
angle  between  the  direction  of  the 
load  and  that  of  the  other  bar;  thus, 
in  the  figures,  the  load  2  3,  divided 
by  the  sine  of  the  angle  between  the 
bars,  equals  the  stress  on  either  of 
the  bars  divided  by  the  sine  of 
the  angle  between  the  direction  of 
the  load  and  that  of  the  other  bar. 


Symbolically — 

Load  :  sin  1 


(  component  1  2  :  sine  3 
<  or 

(         „  13:  sine  2; 

the  load  on  each  bar  may  be  readily  found  from  the  proportion, 
the  load  on  the  frame  and  the  angles  being  given.  Pig.  23  repre- 
sents the  case  of  an  angle  pole  placed  perpendicularly  and  tied; 
sine  90°  =  1,  therefore  the  component  load  borne  by  the  tie  is  the 
quotient  obtained  by  dividing  the  load  by  the  sine  of  the  angle 
between  the  strut  and  tie.  The  efficacy  of  the  tie  is  therefore  as 
the  sine  of  the  angle  it  makes  with  the  strut;  thus,  with  the 
angle  a  =  30°  the  component  load  (1  3)  on  the  tie  is  double  the 
load  2  3;  with  the  angle  a  =  90°  this  load  is  only  equal  to  the 
load  2  3;  while  with  angle  a=  14°,  the  tie  suffers  a  tension  four 
times  the  horizontal  load  2  3.  The  component  load  borne  by  the 
strut  is  also  greater  as  the  angle  a  is  diminished;  thus,  for 
«  =  14°  this  load  is  4  times  2  3;  for  a  =  30°  it  is  17  times  2  3; 
and  for  a  =  90°  it  is  0,  the  whole  load  being  borne  by  the  tie. 
The  necessity  for  anchoring  the  tie  a  proper  distance  from  the 
foot  of  the  mast  or  post  to  be  tied  is  evident.  Tt  is  evident  the 
supporting  forces  at  4  and  5  are  equal  and  opposite  to  the  loads 
on  the  bars  respectively,  found  as  above.  A  frame  composed  of 
a  tie  and  strut  is  stable  in  the  plane  of  its  lines  of  resistance,  but 
it  is  only  stable  laterally  when  the  direction  of  the  load  inclines 
from  the  line  4  5,  joining  the  points  of  support;  thus,  fig.  24  is 
unstable,  and  fig.  25  stable,  laterally.  The  frame,  fig.  25,  is 
rendered  stable  laterally  by  being  stayed  on  each  side.     The 
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mode  employed  above  of  finding  the  pressure  and  tension  on 
each  bar  is  equally  applicable  whether  the  frame  of  two  bars 
form  an  independent  frame,  or  two  bars  in  a  more  complex  frame. 
153.  In  a  frame  of  three  or  more  bars  the  same  laws  apply  as 
in  less  complex  frames;  but  if  the  bars  form  a  closed  figure,  the 
forces  supporting  the  frame  as  a  whole  have  to  be  computed  in  a 
somewhat  different  manner  to  that  given  above.  In  general  the 
supporting  forces  may  be  found  by  considering  the  frame  as  a 
whole,  and  finding  the  resultants  acting,  through  the  points  of 
support,  as  in  the  case  of  a  simple  beam;  if  a  centre  of  resistance 
be  also  a  point  of  support,  the  component  load  at  such  centre 
acting  through  the  point  of  support  must  be  neglected  until  the 
components  at  the  other  points  have  been  found,  and  then  the 
resultants  of  all  these  acting  through  the  points  of  support  are 
equal  and  opposite  to  the  supporting  forces.  If  a  load  be  applied 
at  a  centre  of  resistance  which  is  also  a  point  of  support,  then  the 
component  of  such  load  acting  directly  through  the  point  of  sup- 
port must  be  added  to  the  pressure  of  the  frame  on  that  point  of 
support,  and  an  equal  and  opposite  force  must  be  combined  with 
the   supporting  force  at  that  centre  to  complete  the  solution. 

The  conditions  of  equi- 
librium in  a  frame  of  three 
or  more  bars  are  obtained 
graphically  by  two  simple 
operations,  by  which  are 
found- Firstly, the  system 
of  forces  which  would 
balance  each  other  if 
applied  at  the  centres  of 
resistance;  and,  secondly, 
the  system  of  stresses  on 
the  several  bars  of  the 
frame.  The  forces  applied 
at  the  centres  of  resist- 
ance being  balanced  must 
obey  the  laws  stated  in 
Chapter  I.,  section  1,  and, 
if  represented  by  lines, 
the  lines  will  form  a 
closed  figure  (triangle  or 
polygon  of  forces) ;  if  in  a 
projected  frame  the  lines 
representing  these  forces 
.  .,        ,,      ..  ,.  do    not    form    a  closed 

figure,  then  the  line  or  lines  necessary  to  complete  the  figure 


Fig.  26. 
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represent  the  force  required  to  produce  equilibrium.  If  the 
system  of  forces  he  given,  a  diagram  of  stresses  can  be  made 
to  resist  the  forces;  if  the  diagram  of  stresses  be  given,  the 
system  of  forces  is  also  given.  Let  fig.  26  represent  a  frame  of 
four  bars  acted  upon  by  a  system  of  inclined,  forces  applied  at 
the  centres  of  resistance;  the  forces  being  balanced,  if  they  be 
represented  by  lines  parallel  to  their  directions,  such  lines  -will 
form  a  closed  figure  (Paragraph  8,  &c.)  Let  1  2  3  4  be  such  a 
closed  figure,  from  1,  2,  3  and  4  draw  lines  parallel  to  each  bar  of 
the  frame  respectively;  these  will  meet  in  5,  and  represent  the 
stresses  on  the  ba*rs  to  which  they  are  respectively  parallel,  due 
to  the  system  of  forces  represented  by  1  2  3  4.  It  is  evident  that, 
given  a  system  of  forces  1  2  3  4,  a  system  of  stresses  can  be 
designed  to  resist  it;  and  given  a  system  of  stresses,  the 
forces  such  will  resist  are  obtained  by  joining  the  extremities 
1  2  3  4,  of  the  lines  5  1,  5  2,  <fec.  If  from  any  point  5,  lines  be 
drawn  parallel  to  the  sides  of  a  frame,  and  proportionate  in  length 
to  the  working  stresses  of  the  several  bars  respectively,  the 
maximum  load  which  may  be  safely  applied  at  each  centre  of 
resistance  is  found  by  completing  the  figure  12  3  4.  Frequently 
in  practice  a  system  of  parallel  forces  forms  the  subject  of  the 
calculation;  in  this  case  the  figure  12  3  4  becomes  a  straight  line. 
Let  ABC,  fig.  27,  represent  the  lines  of  resistance  of  a  triangular 
frame,  bearing  a  vertical  load  at  1,  and  supported 
at  2  and  3;  draw  the  line  AC,  fig.  28,  equal  to  ' 

the  load  at  1,  and  divide  it  at  B  into  AB,  and     J^^\ 
BC  =  the  supporting  forces  at  3  and  2  respec-   3^^\^  \_ 
tively ;  if  from  A,  B,  and  C  lines  be  drawn  parallel  **^~^ 

to  the  sides  of  the  triangle  12  3,  these  lines,  CO, 
BO,  AO,  represent  the  stresses  on  the  bars  to  . 

which  they  are  respectively  parallel;  the  segment         yS 

AB  represents  the  force  applied  at  the  joint    0  /I. 

between  the  bars  to  which  OB,OA  are  respectively       yv. 
parallel,  and  BC  the  force  applied  to  the  joint         \  ^ 
between  the  bars  to  which  OC  and  OB  are  respec-  \ 

tively  parallel;  and  the  segment  of  AC  inter-  ^ 

sected  between  any  two  of  the  radiating  lines 
contiguous  or  not,  represents  the  resultant  of  Fig.  27. 
the  external  forces  acting  between  the  bars 
whose  lines  of  resistance  are  parallel  respectively  to  the  lines 
selected.  The  vertical  line  AC  represents  the  vertical  load;  and 
if  a  line  OH  be  drawn  from  0  perpendicular  to  AC,  it  repre- 
sents the  horizontal  component  of  each  of  the  stresses  OC, 
OB,  OA — i.  e.,  if  each  of  the  stresses  OC,  OB,  OA  be  considered 
as    resolved    into    two    rectangular    components,    respectively 
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vertical  and  horizontal,  the  horizontal  components  will  be  equal 
to  each  other  and  to  the  line  OH— hence  termed  the  hori- 
zontal thrust,  stress,  or  resistance  of  the  frame.  Trigonometri- 
cally,  the  horizontal  stress  OH  is  equal  to  the  load  AC,  divided 
by  the  sum  of  the  tangents  of  the  angles  made  by  any  two  lines 
of  resistance  and  the  horizontal  line,  the  angles  being  taken  in 
the  same  direction;  and  by  the  difference  of  the  tangents  if  the 
angles  be  taken  in  opposite  directions.  The  stresses  on  the  bars 
of  a  frame,  whether  the  bars  be  contiguous  or  not,  are  respec- 
tively as  the  horizontal  stress  multiplied  by  the  secants  of  the 
angles  between  the  lines  of  resistance  of  the  bars  and  the  hori- 
zontal line. 

154.  If  the  bars  of  a  frame  do  not  form  a  closed  figure  the 
extreme  bars  must  be  attached  to  fixed  bodies,  if  the  fixed  bodies 
resist  a  thrust  they  are  termed  abutments.  The  stresses  in  an 
open  frame  are  found  as  in  the  case  of  a  closed  frame ;  but  the 
diagram  obtained  is  necessarily  rendered  simpler  by  the  omission 
of  the  bar  necessary  to  complete  the  closed  figure.  The  formulae 
and  diagrams  given  are  applicable  to  open  frames,  if  it  be  remem- 
bered that  in  the  latter  case  the  stresses  on  the  extreme  bars 
have  to  be  balanced  by  the  pressure  of  the  supports — i.  e.,  the 
supporting  forces  are  equal  and  opposite  to  the  stresses  on  the 
extreme  bars,  as  described  in  the  cases  of.  two  bar  frames.  In 
fig.  27  the  bars  1  2,  1  3,  are  struts;  but  if  the  frame  be  reversed, 
so  that  1  is  downwards,  these  become  ties;  and  generally,  the 
diagram  of  a  frame  is  not  altered  by  such  reversal,  but  the  struts 
become  ties  and  the  ties  struts — i.  e.,  the  distribution  of  the 
forces  remains  the  same,  but  tension  is  converted  into  pressure, 
and  vice  versd.  A  triangular  frame  of  three  bars,  as  fig.  27,  is 
rigid  in  the  plane  of  the  bars — i.  e.,  its  form  cannot  be  altered 
by  turning  of  the  bars  about  the  joints;  but  a  frame  of  four  or 
more  sides,  having  hinged  joints,  may  be  altered  in  figure  by 
the  turning  of  the  bars  about  the  joints;  and  to  render  such  a 
frame  rigid  it  is  necessary  that  it  be  divided  into  a  series  of 
triangles,  or  triangles  and  polygons,  so  that  each  figure  of  four 
or  more  sides  be  surrcranded  on  all  sides  but  one  by  triangles. 
A  triangular  frame,  or  a  polygonal  frame,  rendered  rigid  by 
division  into  triangles,  &c,  as  described  above,  is  termed  a  truss. 
In  practice,  when  the  load  is  subject  to  small  variations  only  in 
its  mode  of  distribution,  frames  are  not  always  stiffened  completely 
by  the  mode  of  division  into  triangles  ;  sometimes  the  frame  being 
only  partially  so  stiffened,  the  inflexibility  of  one  or  more  of  the 
bars  or  joints  is  relied  on  to  complete  the  degree  of  rigidity  re- 
quired; and  manifestly  if  a  frame  contain  a  figure  of  four  or  more 
sides,  not  surrounded  on  all  sides  but  one  by  triangles,  such  frame 
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must  owe  its  rigidity  more  or  less  to  the  rigidity  of  its  joints 
or  bars. 

155.  It  lias  already  been  pointed  out  how  by  means  of  a 
diagram  of  forces  a  frame  may  be  designed  to  resist  a  given  set 
and  arrangement  of  forces,  but  generally  in  practice  the  load  is 
subject  to  variation  both  in  its  amount  and  mode  of  distribution; 
hence  the  necessity  for  so  stiffening  the  frame  that  it  may  not 
only  resist  distortion  under  a  given  load,  but  also  under  .various 
modes  of  distribution  of  load;  to  accomplish  this  end  bars  are 
introduced,  termed  stays  and  braces.  The  functions  of  stays 
have  already  been  described :  a  brace  is  a  bar  which  may  act 
as  a  tie  or  a  strut,  or  both  alternately;  it  joins  two  joints 
in  the  frame,  and  introduces  two  equal  and  opposite  forces  acting 
on  the  joints  along  its  line  of  resistance;  these  forces  being  equal 
and  opposite,  the  resultant  of  the  forces  applied  to  the  pair  of 
joints  joined  is  not  affected  thereby  either  in  amount  or  direction. 
If  the  forces  acting  on  a  frame  as  a  whole  balance  each  other, 
there  is  no  tendency  for  the  frame  as  a  whole  to  move ;  but 
unless  the  forces  acting  on  each  bar  separately  balance  each 
other,  there  will  evidently  be  motion  of  the  bars  relative  to  each 
other — i.  e.,  the  frame  will  suffer  distortion.  The  introduction 
of  a  brace  merely  alters  the  distribution  of  the  forces  amongst 
the  several  bars,  to  produce  the  necessary  equilibrium  in  each  sepa- 
rate bar.  The  necessity  for  bracing  is  shewn  by  the  diagram 
of  forces ;  for  the  lines  representing  the  stresses  on  the  several 
bars  do  not  in  such  case  meet  in  one  point,  as  in  figs.  26  and  27, 


Fig.  2a 


but  in  two  or  more;  and  the  lines  joining  these  points  represent 
the  direction  of  and  stresses  on  the  braces  required  to  bestow 
rigidity  on  the  frame.  Let  fig.  28  represent  a  frame  of  four  bars 
supported  at  A  and  B,  and  loaded  at  C ;  it  is  evident  on  inspec- 
tion, although  the  forces  ABO  acting  on  the  frame  as  a  whole 
may  be  in  equilibrio,  the  forces  acting  on  the  separate  bars  are 
not  so ;  for  the  action  of  the  forces  A,  B,  and  C,  is  to  flatten  the 
frame  until  the  bars  AD,  DB  are  in  the  same  straight  line,  and 
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the  frame  acts  as  a  frame  of  three  bars  only,  AD  and  DB  form- 
ing in  this  case  a  single  tie.     Let  fig.  29  represent  the  diagram 

of  forces  drawn  as  in  fig.  27, 
AB  will  represent  the  load, 
BC,  AC  the  supporting 
forces  acting  on  the  whole 
frame;  the  inclined  lines 
A2,  B2,  <fcc,  represent  the 
stresses  on  each  of  the  bars 
of  the  frame  to  which  they 
are  respectively  parallel ; 
but  these  lines  do  not  meet 
jjij„  29  in    one    point   only,   they 

meet  in  two  points,  1  and 
2,  the  line  joining  these  two  points  represents  the  direction  of 
and  load  on  the  brace  CD,  fig  28.  This  mode  of  determining  the 
particulars  of  braces  may  be  applied  in  the  same  manner  to 
frames  of  greater  complexity.  The  frame,  fig.  26,  has  evidently 
no  tendency,  as  in  fig.  28,  to  change  its  figure;  but  as  it  has  four 
sides,  it  is  evident  that  although  in  equilibrio  the  sides  AB,  CD, 
are  free  to  change  their  positions,  and  unstable.  To  render  them 
stable  it  is  necessary  to  divide  the  frame  into  triangles,  in  this 
case  the  bar  introduced  is  not  a  brace  but  a  stay;  it  does  not 
resist  a  permanent  load,  but  merely  retains  other  bars  in  position; 
for  in  the  diagram  of  forces  the  lines  drawn  parallel  to  the  bars 
of  the  frame  meet  in  one  point,  shewing  the  absence  of  the 
necessity  for  bracing.  The  equilibrium  of  bars  forming  parts  of 
a  frame  is  the  same  as  in  the  cases  of  single  ties  and  struts  and 
two-bar  frames ;  it  is  manifest  the  combination  of  bars  into  a 
frame  does  not  modify  the  conditions  of  equilibrium  of  each 
single  bar.  A  polygonal  frame  is  only  stable  in  the  plane  of  its 
lines  of  resistance  when  it  is  so  divided  by  stays  or  braces,  or 
both,  that  it  cannot  change  its  figure — i.  a,  when  the  ends 
of  the  struts  are  fixed  by  stays  or  otherwise,  and  when  the 
component  forces  acting  on  each  bar  are  balanced,  either  by 
reason  of  the  form  of  the  frame  or  by  the  application  of  braces. 
Frames  may  be  so  connected  that  a  bar  may  at  the  same  time 
form  part  of  two  frames;  in  this  case  the  forces  acting  on  the  bar 
due  to  its  forming  part  of  each  frame  respectively  must  be 
separately  considered,  and  these  being  compounded  their  result- 
ant is  the  total  force  acting  on  the  given  bar.  Unless  stayed, 
the  frames,  figs.  26,  27,  and  28,  are  not  stable  in  a  plane  at 
right  angles  to  the  plane  of  their  lines  of  resistance. 

156.  If  an  open  polygonal  frame  be  subjected  to  a  system  of 
forces  applied  at  its  joints  which  are  balanced  when  the  frame  is 
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erect,  this  system  will  be  also  balanced  if  the  frame  be  exactly- 
inverted,  but  the  struts  will  become  ties,  and  the  equilibrium  of 
the  frame  will  become  stable;  when  inverted  the  bars  may  be 
replaced  by  ropes,  hence  the  inverted  frame  is  termed  a  funicular 
polygon.  If  the  joints  be  conceived  to  be  so  numerous  that  the 
rope  or  chain  forms  a  continuous  curve,  and  if  the  load  be  merely 
that  due  to  the  weight  of  the  rope,  and  this  be  of  uniform  sec- 
tion and  material,  then  the  curve  formed  is  termed  the  catenary; 
when  qualified  the  term  catenary  is  applicable  to  the  curves 
formed  by  chains  loaded  otherwise  than  uniformly.  The  funicular 
polygon  is  simply  a  (particular  case  of  an  open  polygonal  frame ; 
the  diagrams  and  formulae  already  given  are  applicable  to  its 
solution.  The  case  of  a  funicular  polygon  is  presented  by 
several  angle  poles  resisting  the 
strain  of  a  line  wire  or  wires — e.  g., 
let  A,  B,  C,  D,  fig.  30,  represent  four 
angle  posts  resisting  the  horizontal 
strain  of  the  lines  passing  round 
them;  the  wire  being  equilibriated, 
the  tension  on  it  is  the  same  through- 
out, hence  the  horizontal  force  is  the 
same  in  each  segment.  To  find  the 
horizontal  load  on  each  of  the  angle 
posts,  from  any  point  draw  lines  1, 
2,  3,  4,  and  5  parallel  to  the  seg- 
ments of  wire  respectively,  the  lines 
1  2,  2  3,  <fec,  will  represent  both  in 
direction  and  amount  the  force  act- 
ing on  the  post  between  the  segments  of  wire  to  which  the  lines 
xl  and  x2,  x2  and  x3,  &c,  are  respectively  parallel.  The 
horizontal  load  on  the  wire  may  similarly  be  found  from  the 
loads  on  the  angle  poles,  and  the  trigonometrical  formulae  already 
given  are  applicable ;  two  forces  equal  and  opposite  to  the  tension 
on  the  end  segments  are  necessary  to  equilibrium  of  the  system, 
these  are  furnished  by  the  tension  on  the  line  wire  on  each  side 
of  the  system.  It  should  be  remarked  that  the  horizontal  com- 
ponent strain  on  the  posts  is  alone  referred  to.  The  horizontal 
force  acting  on  the  post  is  on  each  side  of  the  post  sensibly 
equal  to  the  tension  of  the  wire;  and  the  resultant  bisects  the 
angle  made  by  the  wire  at  the  post.  If  the  tension  be  equal  on 
each  side  of  an  angle  pole  for  each  wire  passing  round  it,  the 
horizontal  resultant  bisects  the  angle  a  formed  by  the  wire; 
hence  the  value  of  this  resultant  is  found  by  multiplying  the 
sin  a 

The  following  table  gives  the  rela- 


Fig.  30. 


tension  on  the  wire  by 


.    a 
sm2 
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tion  between  the  tension  of  the  wire  and  the  resultant  tending 
to  pull  over  the  angle  pole — i.  e.,  the  horizontal  load  on  an  angle 
pole  for  any  angle  in  the  table,  is  found  by  multiplying  the 
tension  of  the  wire  or  wires  by  the  number  in  the  table  opposite 
the  given  angle  : — 


Angle. 

Relation  between 

Tension  of  Wires 

and  Resultant. 

Angle. 

Relation  between 

Tension  of  WireB 

and  Besultant. 

180° 

0-00 

80° 

1-53  , 

170° 

0-17 

70° 

1-63 

160° 

0-34 

60° 

1-73 

150° 

0-51 

50° 

1-81 

140° 

0-68 

40° 

1-87 

130° 

0-84 

30° 

1-93 

120° 

1-00 

20° 

1-96 

110" 

1-14 

10° 

1-99 

100° 

1-28 

0° 

2-00 

90° 

1-41 

157.  Poles  supporting  a  straight  line  are  subject  only  to 
the  vertical  pressure  due  to  the  weight  of  the  wire;  it  is  only 
necessary  to  consider  the  transverse  strength  of  such  poles  when 
the  wire' is  fastened  to  them,  so  that  breakage  of  a  wire  on  one 
side  would  leave  the  tension  of  the  same  wire  on  the  opposite 
side  unbalanced,  and  to  consider  the  effects  of  wind,  &c.  In  the 
case  of  a  succession  of  angle  poles  it  is  necessary  to  consider  the 
maximum  distance  between  the  poles  their  strength  will  admit 
of.  If  the  poles  are  erected  on  a  regular  curve  of  given  radius, 
the  maximum  distance  x  admissible  between  them  is  directly  as  < 
the  radius  r,  and  as  the  strength  of  the  posts  s ;  and  inversely 
as  the  force  acting  on  the  post  on  each  side  T — i.e.,  the  tension  of 
the  wire  if  single,  and  the  resultant  of  the  tensions  if  multiple. 

TS 

Algebraically:   x  =  ~;  the   powers  of  resistance  of  the   poles 

being  inversely  as  the  height  of  the  point  of  application  of  the 
force  above  the  setting  of  the  pole,  or  the  length  of  the  pole 
regarded  as  a  cantilever. 

158.  The  principles  explained  above,  and  in  Chapter  II.,  may 
be  readily  applied  to  the  cases  of  telegraph  poles,  whether  single, 
coupled,  stayed,  tied,  strutted,  or  trussed;  and  a  simple  frame, 
such  as  those  used  to  support  lines,  may  be  designed  to  resist  a 
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given  amount  and  distribution  of  load,  in  the  most  economical 
manner,  and  the  stresses  in  every  part  of  such  an  actual  structure 
may  be  found,  the  details  of  the  load  being  given.  For  example, 
a  tied  angle  pole,  if  the  tie  be  attached  to  the  post  at  the  point 
of  resultant  of  the  strain,  presents  the  case  of  a  two-bar  frame 
composed  of  a  tie  and  a  strut ;  its  load  is  the  resultant  of  the 
tension  of  the  wires,  and  the  stresses  may  be  calculated  as 
explained  in  Paragraph  151.  If  an  angle  post  be  tied  or  strutted 
by  a  tie  or  strut  applied  above  or  below  the  point  of  application 
of  the  resultant  load,  the  case  is  that  of  a  single  bar  acted  upon 
by  three  forces;  the,  moment  of  the  load  may  be  calculated  as 
explained  for  beams,  its 
effective  component  at  right 
angles  to  the  pole's  length 
being  alone  considered  in 
calculating  this  moment, 
which  is  the  moment  of  the 
load  with  reference  to  the 
point  of  application  of  the 
tie  or  strut.  Let  fig.  31 
represent  a  tied  pole,  the 
load  A  the  angle  between 
its  line  of  action  and  the 
pole,  and  the  angle  between 
the  tieandpolebeingknown, 
it  is  required  to  find  the  stress  on  the  post,  on  the  tie,  &c.  The 
case  being  that  of  three  forces  in  equilibrio,  continue  B  to  meet 
A,  take  a  point  in  or  below  the  ground  line  to  represent  a  centre 
of  resistance,  join  this  point  and  the  point  of  intersection  of  A 
and   B;  the  direction  of  the  tie  represents  the  x 

direction  of  its  stress,  the  direction  CA  represents 
the  direction  of  the  resultant  through  the  point  0. 
The  forces  being  in  equilibrio  must  evidently  be  in 
the  same  plane,  their  lines  of  action  must  intersect 
in  one  point  (Paragraph  6),  and  they  may  be 
represented  by  the  sides  of  a  triangle  t,  I,  e,  fig.  32, 
drawn  parallel  to  them  in  direction  and  propor- 
tionate to  them  in  length.     Algebraically : — 


Fig.  31. 


t :  I :  e  : :  sin  c  :  sin  a  :  sin  b. 


Pig.  32. 


From  the  above  formula  may  be  ascertained  the  load  on  the 
tie,  which  is  evidently  greater  the  greater  the  value  of  sin  c. 
The  longitudinal  load  on  the  post  is  equal  to  the  sum  of 
the  vertical  components  of  the  forces  I  and  *,  found  by  multi- 
plying I  and  t  by  the  cosines  of  the  angles  between  their  directions 
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and  that  of  the  axis  of  the  post.  The  horizontal  force  through 
C,  which  is  resisted  by  the  resistance  of  the  earth,  is  the 
product  of  e,  and  the  cosine  of  the  angle  between  its  direc- 
tion and  that  of  a  horizontal  line.  The  greatest  bending  moment 
is  at  the  point  where  the  tie  is  joined  to  the  post.  The 
moment  of  the  load  is  the  product  of  I,  and  the  distance  between 
its  point  of  application  and  the  point  of  application  of  the  tie. 
In  fact,  the  three  forces  and  their  directions  being  found,  all 
other  particulars  may  be  found  by  compounding  and  resolving 
these  forces.  The  same  may  be  applied  to  the  case  of  a  strutted 
pole  by  altering  the  position  of  B,  and  considering  it  as  a  strut. 
It  should  be  remarked,  that  ties  are  preferred  to  struts  for  the 
following  reasons :  the  equilibrium  of  the  tie  is  stable,  that  of  the 
strut  unstable;  although  the  tie  and  strut  equally  strain  the 
pole  longitudinally,  the  former  tends  to  press  it  into  the  ground, 
and  hence  increases  its  stability,  while  the  latter  tends  to  lift  it 
from  the  ground,  thereby  decreasing  its  stability;  in  both  cases 
there  is  a  loss  of  strength,  but  it  is  less  injurious  in  the  case  of 
a  tie  than  in  that  of  a  strut.  The  tied  or  strutted  pole  should 
be  regarded  as  a  beam;  in  fastening  the  tie  or  strut  the  fasten- 
ings should  be  inserted  in  the  part  of  the  post  which  is  com- 
pressed when  the  post  is  strained.  The  effect  of  the  tie  or  strut 
is  to  shorten  the  pole  considered  as  a  cantilever,  and  proportion- 
ately increase  its  strength ;  bixt  if  the  point  of  attachment  can  be 
placed  above  the  load,  the  pole  is  transformed  from  the  condition 
of  a  cantilever  to  that  of  a  beam  supported  at  both  ends,  hence 
the  advantage  of  staying  or  strutting  a  post  above  the  load 
rather  than  below  it.  If  the  stay  or  strut  be  applied  to  the  same 
point  in  the  post  as  the  resultant  of  the  transverse  load,  the  case 
is  that  of  a  frame  of  two  bars,  and  the  great  advantage  of  this 
arrangement  over  those  described  above,  consists  in  the  fact  that 
the  post  is  a  strut  merely,  it  suffers  no  transverse  stress,  the 
horizontal  component  of  the  load  being  balanced  by  the  hori- 
zontal component  of  the  stress  on  the  stay  or  strut ;  in  fact,  the 
bending  moment  of  the  load  on  the  post  becomes  0. 

159.  From  the  above  examples  the  manner  of  applying  the 
principles  stated  will  be  apparent.  A  trussed  post  may  be 
considered  as  a  frame  of  four  bars  braced;  coupled  posts  may 
be  regarded  as  frames,  or  built  beams,  according  to  the  design, 
&c.  In  the  example  given,  fig.  31,  one  centre  of  resistance  is 
fixed  at  the  ground  line;  this  is  true  only  when  the  post  is  fixed 
in  masonry  or  brickwork,  or  by  other  similar  means;  when 
placed  directly  in  the  earth  this  centre  is  below  the  surface,  and 
it  is  manifest  in  a  trussed  post  not  also  stayed,  tied,  or  strutted, 
that  the  greatest  bending  moment  is  at  or  near  the  ground  line; 
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hence  the  post  should,  if  possible,  be  trussed  in  such  a  manner 
that  its  greatest  moment  of  resistance  should  be  at  the  same 
place.  The  following  illustrates  the  application  of  the  preceding 
principles  to  the  case  of  a  trussed  post ;  as  a  rule  the  system  of 
trussing  is  very  simple,  the  commonest  case  is  that  in  which  a 
tie  extends  from  one  end  of  the  post  to  the  other,  and  a  strut 
brace  is'  inserted  between  the  tie  and  the  post.     Let  AB,  fig.  33, 


-B-t- — GO* 


Fig.  33. 

represent  a  post  which  it  is  desired  to  truss;  by  reason  of  the 
moment  of  the  load  A,  with  reference  to  the  point  C,  being 
great,  the  pressure  of  the  post  on  the  ground  must  be  distributed 
by  means  of  stone  or  timber  placed  at  C  and  B.  The  post  is 
acted  upon  by  three  forces,  A,  C,  and  B;  the  bending  moment  is 
greatest  at  C;  A  and  B  are  together  equal  to  C  in  magnitude, 
inversely  as  their  distances  from  C  respectively,  and  the  lines  of 
action  of  the  forces  are  parallel  to  each  other.  It  is  required  to 
design  a  truss  in  which  the  stress  on  the  post  AB,  shall  be  as 
small  as  possible  compared  with  that  on  the  other  bars  of  the 
frame — i.e.,  in  which  the  maximum  assistance  shall  be  given  to 
the  post.  Draw  the  line  ab  to  represent  the  force  C  and  the 
sum  of  the  forces  A  and  B ;  divide  it  at  c,  that  cb  may  represent 
the  force  B,  and  ac  the  force  A;  this  line  is  the  diagram  of 
forces.  From  c  draw  cd  parallel  to  AB,  and  of  a  length  com- 
pared with  the  line  ab,  to  represent  the  stress  to  be  permitted  on 
the  post  AB  on  each  side  of  the  strut  brace,  draw  ad  and  bd, 
and  the  figure  represents  the  diagram  of  stresses.  Draw  AD  and 
DB  parallel  to  ad  and  bd  respectively,  and  join  DC  by  a  line 
which  will  be  parallel  to  ab;  ADB  represents  the  trussed  pole, 
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CD  the  length  and  position  of  the  strut  brace  which  must  be 
applied  in  order  that  the  stresses  on  AG  and  OB  may  not 
exceed  dc.  The  diagram  adb  represents  the  stresses;  each  line 
represents  the  stress  on  the  bar  to  which  it  is  parallel;  but  as 
AB  is  divided  into  two  parts  by  a  centre  of  resistance  at  C,  the 
line  dc  represents  each  of  the  equal  and  opposite  pressures  acting 
along  AC  and  CB  respectively,  AC  CB  being  regarded  as  two 
bars  suffering  equal  pressures.  It  is  evident  the  less  the  stress 
dc  admissible  on  the  pole,  the  longer  must.be  the  strut  brace 
DC;  and  if  the  stress  dc  be  supposed  infinitely  small,  the  strut 
brace  will  be  infinitely  long — i.e.,  if  the  ties  AD,  DB  be  parallel, 
the  load  on  the  pole  vanishes.  By  means  of  the  method  illus- 
trated, a  truss  can  be  designed;  when  the  stress  on  the  pole  is 
fixed,  the  length  of  the  necessary  strut  brace  may  be  deduced, 
and  with  a  given  length  of  strut  brace,  the  stresses  may  be 
deduced  (Paragraphs  153,  <fcc.)  On  examination  of  figure  33  it  will 
be  seen  the  strut  brace  is  applied  where  the  bending  moment  is 
greatest;  and  it  will  be  apparent,  if  the  case  presented  be  examined 
geometrically,  that  for  any  given  movement  of  the  end  A  in  the 
direction  of  the  load,  the  elongation  of  the  tie  necessary  to 
permit  of  such  movement  must  be  less  the  higher  the  strut  brace 
is  removed  above  C ;  in  other  words,  if  the  strut  brace  be  removed 
to  any  point  above  C,  its  efficacy  both  to  prevent  bending  of  the 
post,  and  to  render  available  the  tensile  strength  of  the  tie  to 
prevent  motion  at  A,  is  diminished.  The  position  of  maximum 
efficiency  of  the  strut  brace  is  at  C;  but,  although  by  placing  it 
higher  its  efficiency  is  reduced,  in  practice  the  conditions  which 
render  tying  or  strutting  impracticable,  frequently  render  it 
necessary  to  place  the  strut  brace  in  the  trussed  pole  higher  than 
its  position  of  maximum  efficiency;  but  when  this  position  cannot 
be  attained  it  should  be  approached  as  nearly  as  practicable. 
The  strut  brace  in  poles  trussed,  as  in  fig.  33,  is  often  placed  mid- 
way between  the  ground  line  and  the  point  of  resistance  at  A; 
as  explained  above,  there  is  a  needless  sacrifice  of  efficiency  in 
placing  it  so  high.  It  should  be  remarked  that  by  bending  the 
pole  slightly  by  means  of  the  tie  and  brace,  the  combination  is 
rendered  stifi'er.  As  in  telegraph  construction,  the  mode  of 
distribution  of  the  load  does  not  vary,  a  frame  can  be  readily 
designed  in  which  the  maximum  strength  and  stiffness  is  attained 
with  the  minimum  expenditure  of  Materials;  and  the  require- 
ments of  the  case  being  so  simple,  departure  from  correct  prin- 
ciples is  the  less  excusable.  In  the  case  represented  in  fig.  33, 
the  forces  are  represented  as  parallel,  and  in  most  cases  this 
paralleb'sm  maybe  assumed  without  sensible  error;  if,  however, 
the  dip  of  the  wire  at  A  be  great,  the  effective  component  of  the 
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force  A  in  the  horizontal  direction  should  he  taken  instead  of 
the  force  A,  and  the  vertical  component  of  the  load  must  be 
added  to  the  stress  dc. 

Section  II. — Stability  of  Earth. 

160.  A  mass  of  earth  gives  way  by  the  sliding  of  its  parts  on 
each  other.  In  earth  commonly  so  called  this  tendency  to  slide 
is  resisted  by  the  friction  between  the  grains  and  their  mutual 
adhesion ;  in  solid  rock,  when  a  load  "tends  to  produce  this  slid- 
ing, it  is  resisted  by  the  stress  of  the  material.  If  there  were  no 
stability  due  to  friction  between  the  grains,  a  mass  of  loose 
earth  could  not  be  heaped  up,  it  would  act  like  a  fluid;  this  is 
the  case  presented  by  soft  mud,  in  which  the  stability  of  friction 
is  destroyed  by  the  presence  of  water.  But  in  dry  earth  and 
earth  not  containing  water  in  excess,  there  is  friction  between 
the  grains  ;  this  friction  causes  the  sides  of  a  heap  of  loose  earth 
to  assume  a  particular  slope,  termed  the  natural  slope,  the  incli- 
nation of  which  depends  on  the  co-efficient  of  friction  of  the 
particular  material.  The  angle  of  inclination  of  the  natural  slope 
to  the  horizon  is  termed  the  angle  of  repose  for  the  particular 
material ;  it  is  that  angle  the  tangent  of  which  is  the  co-efficient 
of  friction  (Paragraphs  43,  44,  49). 

161.  The  stability  of  friction  is  sufficient  to  maintain  this  uni- 
form slope,  and  is  relied  on  to  give  permanent  stability  to  the 
sides  of  cuttings  and  embankments  ;  the  adhesion  of  earth  being 
usually  rapidly  destroyed  by  exposure  to  the  weather,  is  relied 
upon  only  for  temporary  purposes,  as  to  maintain  the  vertical 
sides  of  a  hole  or  cutting  during  excavation.  In  general,  in  order 
to  economise  land  and  reduce  the  surface  of  the  bank  exposed 
to  the  weather,  embankments  of  earth  have  a  somewhat  steeper 
slope  than  the  angle  of  repose ;  a  dressing  of  dry  stones,  or 
a  covering  of  grass,  is  then  relied  on  to  prevent  sliding :  these 
act  by  protecting  the  earth  more  or  less  from  the  action  of  the 
weather,  while  the  stones  by  their  weight,  and  the  grass  by 
the  holding  action  of  its  roots,  supply  any  additional  stability 
required  to  prevent  slipping.  If  a  bank  be  made  of  loose  earth 
the  angle  of  repose  cannot  be  exceeded,  because  the  earth,  being 
loose,  assumes  this  slope  when  heaped  together.  It  is  when  the 
slope  has  to  be  cut  in  the  undisturbed  earth  the  adhesion  is 
available  to  render  a  steeper  than  the  natural  slope  possible ;  and 
it  is  then  that  such  expedients  as  those  mentioned  above  are 
employed  to  partially  preserve  the  adhesion,  and  supply  its 
defect. 

162.  The  consequences  of  the  frictional  stability  of  earth  are 
very   important,   the   following  are  illustrative    examples : — A 
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structure  supported  on  loose  earth  cannot  be  regarded  as  sup- 
ported on  a  prismatic  column  of  earth,  the  frictional  stability  of 
the  earth  causes  the  weight  to  be  distributed  over  a  greater  area 
in  each  successively  lower  cross-section,  and  the  supporting 
column  is  hence  a  frustrum  of  a  cone  or  pyramid,  of  which 
the  base  of  the  structure  forms  the  smaller  end.  If  a  post 
attached  to  a  base  plate  buried  in  the  ground  be  pulled  up  per- 
pendicularly, provided  the  base  plate  do  not  separate  from  the  post, 
the  mass  of  earth  disturbed  is  not  a  prism  but  a  frustrum  of  a 
cone  or  pyramid ;  its  smaller  end  is  equal  and  similar  to  the  base 
plate,  its  larger  end  is  at  the  surface  of  the  earth,  its  axis  is  equal 
to  the  original  depth  of  the  plate,  and  the  inclination  of  its  sides 
is  equal  to  the  angle  of  repose  of  the  earth.  The  frictional 
stability  of  earth  acts  in  the  same  manner  on  a  post  without  a 
base  plate  to  prevent  the  post  being  torn  up  by  a  transverse  load. 
In  ramming  loose  earth,  each  blow  given  by  the  rammer  acts 
effectively  only  through  a  thin  stratum  ;  for  by  reason  of  the 
frictional  stability  of  the  earth,  the  force  of  the  blow  is  distributed 
over  an  area  rapidly  increasing  with  the  depth,  and  at  an  incon- 
siderable depth  the  intensity  of  the  blow  is  so  small  as  to  be 
ineffective  for  the  purpose  required ;  hence,  earth  cannot  be  con- 
solidated in  layers  exceeding  9"  or  1  foot  by  ramming  in  the  usual 
manner.  Other  important  consequences  of  the  frictional  stability 
of  earth  are  noticed  in  the  sections  on  earthwork  and  foundations. 
The  firmness  of  a  pole  in  the  ground  is  in  a  great  measure  also 
due  to  adhesion  of  the  earth  ;  hence,  after  the  earth  has  become 
consolidated,  the  post  is  much  firmer  than  when  the  earth  is 
loose. 

Section  III. — Stability  of  Blockworh. 

163.  The  stability  of  blockwork  structures,  as  masonry  and 

brickwork,  is  due  to  two  causes — viz.,  friction  and  position ;  and 

such  structures  may  fail  either  by  the  blocks  sliding  on  each 

other,  or  by  the  overturning  of  one  block  on  another  at  the  joints. 

In  fig.  34,  let  ABCD  represent  the 
upper  block,  and  DC  a  plane  joint; 
■the  pressure  on  the  joint  is  -a  distri- 
buted force,  let  EF  be  the  direction  of 
its  resultant";  the  point  F  in  which 
this  line  meets  the  surface  of  the  joint 
is  termed  the  centre  of  pressure,  or 
centre  of  resistance  of  the  joint.  It  is 
essential  to  stability — 1.  That  the 
Fig.  34.  obliquity  of  the  pressure  do  not  ex- 

ceed the    angle    of  repose — i.e.,  that 
the  block  ABCD  have  stability  of  friction  ;  for  if  this  condition 
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be  not  fulfilled,  the  upper  block  -will  slide  on  the  lower.  2.  The 
following  ratio  must  not  exceed  a  certain  fraction — the  distance 
between  the  centre  of  pressure  and  centre  of  figure  divided  by 
the  diameter  of  the  joint  measured  through  those  points ;  if  this 
fraction  be  exceeded,  then  the  upper  block  is  in  danger  of  turning 
over.  "When  the  second  condition  is  fulfilled,  the  block  ABCD  is 
said  to  have  stability  of  position.  The  value  of  the  above  ratio 
varies  in  practice  between  one  eighth  and  three-eighths,  being 
varied  with  the  purpose  of  the  structure ;  thus,  a  greater  value  is 
allowed  in  retaining  walls  than  in  abutments  :  in  the  the  former 
class  of  structures  it  varies  between  -3  and  -25  ;  in  the  latter,  to 
avoid  tension  at  any  point  in  the  joint,  it  is  restricted  according 
to  the  figure  of  the  joint,  it  is  one-sixth  in  the  common  case  of 
rectangular  structures. 

164.  The  moment  of  stability  in  a  given  vertical  plane  of  a 
body  or  structure  supported  at  a  plane  joint,  is  the  moment  of  a 
couple,  which  must  be  applied  in  the  given  plane  in  addition  to 
the  weight  of  the  structure,  to  transfer  the  centre  of  resistance 
of  the  joint  to  the  extreme  point  consistent  with  stability  of 
position  ;  it  is  equal  to  the  product  of  the  weight  of  the  body,  by 
the  horziontal  distance  between  a  vertical  line  drawn  through 
its  centre  of  gravity  and  the  limiting  position  of  the  centre  of 
resistance  of  the  joint.  The  couple  is  composed  of  any  force 
tending  to  overturn  the  structure,  and  the  equal  and  parallel 
resistance  of  the  joint.  The  moment  of  stability  M,  is  expressed 
algebraically  as  follows  : — Let  w  represent  the  weight  of  the 
body  or  structure  above  the  given  joint,  dq  the  distance  of  the 
limiting  position,  and  dr  the  actual  distance  of  the  centre  of 
resistance  from  the  centre  of  figure  of  the  joint ;  d  being  the 
diameter  of  the  joint  measured  through  the  centres  of  figure  and 
resistance,  q  and  r  being  the  fractions  of  the  diameter  between 
these  centres  and  the  centre  of  figure  respectively.  If  fig.  34 
represent  a  structure  or  block  on  a  joint  at  CD,  it  is  evident  if 
a  force  A  tend  to  overturn  the  block,  the  stability  is  less  than 
that  with  respect  to  a  force  acting  at  B ;  for  in  one  case  the 
actual  deviation  of  the  centre  of  resistance  from  the  centre  of 
figure  is  in  the  same  direction  as  the  limiting  deviation,  while  in 
the  second  case  it  is  in  the  opposite  direction.  As  d  is  measured 
on  an  inclined  line,  it  is  necessary  to  reduce  it  to  horizontal 
distance  ;  to  do  this  it  must  be  multiplied  by  the  cosine  of  the 
angle  of  inclination  of  the  joint  to  the  horizon ;  hence  the  moment 
of  stability  is — 

M  =  w  (q±r)  d  cosine  h ; 

in  which  k  is  the  angle  of  inclination  of  the  joint  to  the  horizon, 
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and  the  top  or  bottom  sign  in  the  brackets  is  to  be  taken 
according  as  qd  and  rd  are  in  opposite  or  the  same  direction, 
measured  from  the  centre  of  figure  of  the  joint.  It  is  assumed 
in  the  above  that  the  block  A  BCD  will  act  as  one  piece,  and  not 
separate  at  its  joints,  and  the  resistance  of  the  mortar  or  cement 
interposed  at  the  joint  CD  offers  no  appreciable  resistance.  The 
above  formula  is  evidently  applicable  to  the  case  of  a  wall  or  other 
structure  constructed  on  a  horizontal  plane,  it  being  merely 
necessary  in  this  case  to  omit  the  factor  cosine  h. 

165.  If  a  structure  be  composed  of  a  series  of  blocks  (or  of  a 
series  of  layers  so  connected  that  each  layer  acts  as  one  block) 
connected  by  plane  joints,  the  two  conditions  of  stability  must 
be  fulfilled  at  each  joint,  and  the  formula  given  above  is  appli- 
cable in  the  case  of  each  joint.  The  resultant  pressure  at  any 
joint  is  the  resultant  of  all  the  forces  which  act  on  one  of  the 
parts  into  which  the  structure  is  divided  by  the  joint ;  and  the 
point  where  the  line  of  action  of  this  resultant  cuts  the  plane  of 
the  joint  is  the  centre  of  pressure.  If  fig.  35  represent  a  series 
of  blocks  forming  part  of  a  structure, 
and  the  arrow  d  be  the  direction  of 
the  resultant  of  the  forces  acting  on  the 
highest  block — i.e.,  its  gross  load,  the 
point  where  this  resultant  meets  the 
joint  1,  is  the  centre .  of  pressure  of 
that  joint.  If  this  resultant  be  com- 
bined with  the  resultant  of  the  forces 
acting  on  block  112  2  directly,  then  the 
resultant  of  all  the  forces  acting  on  the 
Fig.  35.  next  joint  is  obtained,   and  the  point 

where  this  meets  the  second  joint  Ca, 
is  the  centre  of  pressure  of  that  joint.  The  dotted  line  PR,  in 
the  figure,  traversing  the  centres  of  pressure,  is  termed  the  line  of 
resistance.  The  straight  lines  representing  the  successive  result- 
ants may  be  in  one  line,  parallel  to  each  other,  or  they  may 
intersect  in  one  point,  or  in  a  series  of  points  as  in  the  figure;  in 
the  last  case  a  curved  line  PP,  touching  all  the  sides  of  the 
polygon  so  formed,  is  termed  the  line  of  pressures.  The  properties 
of  these  curves  relative  to  the  two  conditions  of  stability,  which 
must  be  fulfilled  for  each  joint,  are  as  follows: — It  is  essential  to 
stability  of  position  that  the  line  of  resistance  do  not  deviate 
from  the  centre  of  figure  by  more  than  a  certain  fraction  of  the 
diameter  of  the  joint,  measured  in  the  direction  of  the  deviation; 
it  is  essential  to  stability  of  friction  that  a  tangent  to  the  line  of 
pressures  through  the  centre  of  pressure  make  an  angle  with  the 
normal  to  the  joint  less  than  the  angle  of  repose.     The  most 
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advantageous  direction  for  pressure  in  an  arch  or  other  block- 
work  structure  is  attained  when  the  resultant  direction  of  the 
pressure  on  each  joint  is  perpendicular  to  the  plane  of  the  joint. 
In  every  case  the  term  resultant  used  above  is  applied  to  the 
resultant  of  the  gross  load — i.e,  the  external  load  and  the  weight 
of  the  material  of  the  structure  itself. 

166.  In  telegraph  structures  the  application  of  the  above 
principles  is  usually  confined  to  simple  cases,  but  these  are  of 
frequent  occurrence.  Wooden  or  iron  posts  are  often  erected  on 
stone  or  brick  plinths,  or  attached  to  walls;  wires  are  attached 
to  walls,  chimney  starts,  and  similar  structures ;  stone  pillars  are 
sometimes  used  to  support  lines  where  stone  is  procurable  on  the 
spot;  and  the  principles  explained  are  applicable  to  any  structure 
which  depends  more  or  less  for  its  stability  on  its  weight  and  the 
size  of  its  base,  irrespective  of  its  form  and  the  material  of  which 
it  may  be  composed.  It  should  be  remarked,  in  a  structure 
depending  for  its  stability  on  its  weight  and  the  size  of  its  base, 
the  lower  its  centre  of  gravity  the  more  this  point  will  be  raised 
by  any  given  movement  of  the  structure,  and  the  greater  the 
displacement  of  the  structure  necessary  to  bring  the  centre  of 
pressure  to  its  limiting  position — i.e.,  the  lower  the  centre  of 
gravity  the  greater  the  stability  of  the  structure. 


Section  IV. — The  Catenary. 

167.  A  chain  or  cord  of  uniform  section  and  material,  loaded 
with  its  own  weight  only,  suspended  between  two  fixed  points, 
hangs  in  a  curved  line,  termed  significantly  the  catenary  or  chain 
curve.  When  the  term  catenary  is  qualified,  it  may  refer  to  the 
curve  formed  by  a  chain  loaded  in  any  other  manner,  but  in 
telegraph  practice  the  wires  or  cables  are  only  loaded  with  their 
own  weight.  The  direction  of  the  stress  on  the  cord  at  any 
point  is  that  of  a  tangent  to  the  curve  at  that  point.  The  load 
may  be  resolved  at  each  point  but  the  lowest  into  two  rec- 
tangular components,  one  vertical  and  equal  to  the  weight  of  the 
chain  at  that  point,  the  other  horizontal  and  representing  the 
horizontal  tension.  At  the  lowest  point  the  curve  is  horizontal, 
and  the  load  is  equal  to  the  horizontal  tension  only;  as  the 
vertical  component  vanishes  at  this  point,  the  load  on  the  chain 
here  is  less  than  at  any  other  point  in  the  curve.  If  ABC, 
fig.  36,  represent  the  curve,  the  point  B,  where  it  is  horizontal, 
is  termed  its  vertex ;  DE  is  a  horizontal  line,  the  line  BF  drawn 
to  the  vertex  is  termed  the  modulus  or  parameter  of  the  catenary, 
and  on  this  line  depends  the  other  dimensions  of  the  curve.     If 
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any  ordinate  GK  =  x,  its  abscissa  or  horizontal  distance  from 

A, , ,C 


D  F  K  E 

Kg.  36. 

F  =  FK  =  y,  and  the  length  of  the  modulus  FB  =  m,  then  the 
length  of  the  ordinate  is  given  by  the  equation — 


to/ 


+  e 


•(!•) 


in  which  e  =  the  base  of  Napierian  logarithms;  or,  using  a  table 

±  ^  ±-4343^ 

of  common  logarithms,  e      ™*  =  10  m  nearly.     The  abscissa 

in  terms  of  the  ordinate — 

y  =  mhyp.  log.  (^  +    yj-l) (2.) 

( <™  -  e  ~  » J  =  J 


The  length  of  the  arc — 

-on  m 

BG  =  « 


'  x*  —  to2. 


(3.) 


If  a  right-angled  triangle  be  constructed  with  GK  as  hypothe- 
neuse,  GKL;  then  KL  will  equal  the  modulus  BF,  LG  will  be 
a  tangent  to  the  curve  at  the  point  G,  and  a  line  drawn  through 
G  at  right  angles  to  GL,  meeting  the  horizontal  line  in  M,  is 
equal  to  the  radius  of  curvature  at  G. 

168.  The  mechanical  properties  of  the  curve  are  as  follows  : — 
The  horizontal  tension  at  the  lowest  point  B — i.e.,  the  total  load 
at  this  point — is  equal  to  the  weight  of  a  length  of  the  wire  or 
chain  equal  in  length  to  the  parameter  BF ;  or  if  a-  be  the  weight 
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of  a  unit  length  of  the  'wire,  as  1  foot  or  1  yard,  the  tension  at 

T 

the  lowest  point  T  =  nu,  the  modulus  m  =  — ,  and  the  tension  at 

any  other  point  G  =  T1  =  «c;  T1  =  T  +  «r  x  d ;  or  the  tension  at 
any  point  G  exceeds  that  at  any  lower  point  A,  hy  a  force  equal 
to  the  weight  of  a  piece  of  the  wire  equal  to  the  difference  of 
level,  GH  =  d.  Thus  in  any  span  of  wire  the  tension  at  either 
point  of  suspension  exceeds  that  at  the  lowest  point  by  an 
amount  equal  to  the  weight  of  a  length  of  the  wire  equal  to  the 
dip  below  the  point  of  suspension.  The  vertical  load  between 
any  two  points  in  the  curve,  or  rather  the  vertical  component  of 
the  load,  is  evidently  the  weight  of  the  wire  between  these 
points  =  wu ;  therefore  the  tension  on  the  wire  at  any  point 
T1  =  ;\/T2+(«>)2 ;  or  the  square  root  of  the  sum  of  the  squares,  of 
the  weight  of  a  piece  of  the  wire  equal  in  length  to  the  parameter, 
and  of  a  piece  BG  equal  in  length  to  the  arc  between  the  vertex 
and  the  point  taken. 

169.  The  above  formulae  may  be  applied  to  the  case  of  a  tele- 
graph wire  or  cable  to  calculate  such  particulars  of  form,  dis- 
tribution of  load,  <fec,  as  may  be  required  in  practice.  Let 
ABC,  fig.  36,  represent  a  span  of  telegraph  wire  suspended  at 
the  points  A  and  C  in  the  same  horizontal  line,  or  a  span 
suspended  at  the  points  A  and  G  not  in  the  same  horizontal 
line ;  let  a  denote  the  span  DE,  substituting  an  infinite  con- 
verging series  for  the  finite  equation  (1.) — 


;  =  m( 


^+2TO+&C <4"> 


T 

substituting  for  m  its  value  — ,  and  performing  the  multipli- 
cation— 

a;=^+2T+TOTB+&c (5-> 

By  means  of  this  formula  the  height  of  any  ordinate  may  be 
calculated — i.e.,  the  height  of  the  wire  at  any  point  G.  The  dip 
being  the  difference  of  height,  rf  =  GH,  may  be  found  for  any 

T 

abscissa  FK,  by  subtracting  from  a;  the  modulus  =— ;  hence  the 

dip  of  the  vertex  below  any  point  in  the  span  is — 

d=fi+2OT-+&c <6-> 
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If  the  supports  be  on  the  same  level,  and  it  be  required  to  find 
the  clip,  in  this  case  y=  „  ;  substituting  this  value  in  (6) — 


d=wi+im'+&c <7-) 

By  means  of  the  above  formulas  the  dip  may  be  calculated  with 
any  requisite  degree  of  accuracy,  the  points  of  suspension  being 
in  the  same  horizontal  line,  or  differing  in  height;  and  the 
depression  of  the  wire  at  any  horizontal  distance  from  either 
point  of  support  may  also  be  ascertained.  The  tension  at  any 
point  may  be  calculated  from  the  difference  of  level  between  the 
point  taken  and  the  vertex ;  the  difference  between  the  tension 
at  the  vertex  and  at  any  higher  point  is  T1  -  T  =  u-c£. ..(8).  In 
applying  (7)  to  spans  not  exceeding  200  yards  under  the  ordinary 
conditions  of  working  load  =  one-fourth  ultimate  load,  the  first 
term  only  is  generally  sufiicient  for  practical  purposes ;  from  which 
it  would  appear  that  the  dip  varies  approximately  directly  as  the 
square  of  the  span  and  the  weight  of  the  wire  per  unit  of  length, 
and  inversely  as  the  tension. 

170.  The  tension  at  either  point  of  suspension  is  T2  =  T + srd ;  as 
T2  is  increased,  d  decreases,  and  T  increases  and  vice  versd — i.e., 
as  d  is  decreased,  the  horizontal  component  of  the  tension  is 
increased,  and  its  vertical  component  decreased.  Thus  there  is 
a  value  of  d  for  which  the  tension  at  each  point,  including  the 
points  of  suspension,  is  a  minimum.  This  will  be  apparent  if  it 
be  considered  as  the  dip  is  increased,  although  the  tension  at  the 
lowest  point  of  the  span  is  diminished,  that  at  the  points  of 
suspension  Tnay  be  increased  by  reason  of  the  greater  weight  due 
to  the  greater  length  of  wire.  If  the  points  of  suspension  be  in 
the  same  horizontal  line,  this  minimum  tension  is  attained  when 

<m  the  modulus  =  ^-r,  and  the  length  of  the  ordinate  AD  or 

2-4  ° 

CE=7  a,  the  difference  in  level  or  the  dip  d=a[-7-7r~.)  =  ^ ;  or 
4  r  \4    2-4/     3' 

the  minimum  tension  on  the  points  of  support  and  on  the  wire  is 

attained  when  the  dip  is  equal  to  one-third  of  the  span.     With 

this  relative  dip  m  =  -  =  __  ■  .._  T  =  __  the  tension  at  the  lowest 
«•     2-4  2-4' 

q 

point;  and  T2=  -^—...(9),  the  tension  at  the  points  of  suspension 

or  highest  points ;  the  ratio  of  the  tension  at  the  vertex  to  that 
at  either  of  the  points  of  suspension  is  10 :  17.     By  means  of 
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these  formulae  may  be  found  the  longest  span  possible  •with  wire 

4     s 
of  a  given  material,  for  (9)  this  span  =  ,  x  -;  in  which  s  =  the 

g 

ultimate  strength  of  the  wire,  or  -  =  the  modulus  of  tenacity  of  the 

material,  and  is  a  constant  quantity  for  the  same  material.    For 
example,  a  material  having  a  tenacity  of  30  tons  per  square  inch, 

1  cubic  foot  of  which  weighs  481  lbs.,  —  =  3 '81  miles ;  if  4  be 

IT 

assumed  as  factor  of  safety,  the  greatest  practicable  span  with 

wire   of  such  material  =     ~ r-  =     „—  =  1-27  mile.      In  such 

ox4  3 

calculations  it  is  easier  generally  to  use  the  constant  proportion 

or  modulus  of  tenacity,  but  the  same  result  may  be  obtained  for 

a  particular  sized  wire — e.g.,  iron  wire,  No.  7  B.W.G-.,  weighing 

4  cwts.  per  mile,  ultimate  load  15-25  cwts.,  then  a  =  15-25,  <r  =  4  ; 

thus,  a  =  — s — r —  =  5-083,  which  divided  by  4  as  factor  of  safety 

=  1-27  mile,  as  above. 

171.  The  formula  is  applied  in  the  above  example  to  wire 
suspended  in  air ;  if  the  wire  be  suspended  in  water,  it  is  neces- 
sary to  allow  for  loss  of  weight  equal  to  that  of  the  water  dis- 
placed, by  assigning  a  different  value  to  * ;  thus,  iron,  spec.  grav. 
7-7,  immersed  in  water  would  lose  \^  of  its  weight ;  or  the  span 
in  water  would  exceed  that  in  air  as  7-7  to  6-7 — the  heaviness  of 
air  being  but  y^g-  that  of  water  is  neglected.  The  actual  length 
of  wire  may  be  calculated  from  the  equation  for  the  arc ;  sub- 
stituting an  infinite  series  for  the  finite  equation  (3),  the  length 
of  the  arc  between  the  vertex  and  any  higher  point  G-  is — 


T 

Substituting  —  for  m — 


v  =  y(l 


2-3-m2  '  2-3-4-5m* 


2-3-T2"r2-3-4-5T* 


■&c (11.) 


from  which  v  may  be  calculated  with  any  requisite  degree  of 
accuracy  for  any  point  in  the  curve.  If  the  points  of  suspension 
are  not  on  the  same  level,  then  the  length  of  the  whole  arc  is 
obtained  by  calculating  the  length  between  the  vertex  and  each 
point  of  suspension  separately ;  the  sum  of  the  two  quantities  so 
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obtained  is  the  whole  length  of  the  wire  between  the  points  of 
suspension.     If  the  points  of  suspension  be  on  the  same  level, 

y  =  „  ;  or  the  vertex  is  in  the  middle  of  the  span.     Substituting 

in  this  case  for  y  its  value  -,  the  length  of  the  arc  between  the 

vertex  and  either  point  of  suspension  multiplied  by  2  is  the 
whole  length  of  wire  between  the  points  of  suspension  =  2  vx — 


*-J(i+ 


2-3-22-T2     2-34-5-24T*~1~      ' 


2«i  =  «  +  J^r2  +  I^QTi  +  &c (12.) 

When  the  dip  is  small  the  first  two  terms  are  sufficiently 
accurate  for  practical  purposes. 

172.  By  means  of  (12)  may  be  calculated  the  effect  of  the 
elasticity  of  the  wire  and  changes  of  temperature  on  the  tension 
and  dip,  calculations  only  of  practical  importance  when  the  dip 
and  span  are  small.  If  7i  be  the  co-efficient  of  elasticity  of  the 
wire,  and  vL  the  length  of  the  arc,  under  a  tension  of  t  pounds 
v1  will  become — 

v2  =  v1(l  +  >.t); (13.) 

By  substituting  2v2  for  2u1;  in  (12),  the  effect  of  the  lengthening 
on  the  tension  T  may  be  ascertained  for  a  wire  suspended  between 
two  points  on  the  same  level.  If  the  points  of  suspension  be  not 
on  the  same  level,  then  (11)  must  be  applied,  and  the  calculation 
performed  for  each  side  of  the  curve.  It  should  be  remarked 
that  the  first  two  terms  are,  as  a  rule,  sufficient  in  practice;  as 
the  tension  at  the  ends  differs  from  that  at  the  vertex,  the  tension 
t  is  the  mean  tension,  and  the  maximum  tension  must  be  less 
than  the  proof  load. 

173.  The  effect  of  change  of  temperature  on  the  wire  is  to  alter 
its  length,  and  alter  consequently  the  tension  and  dip;  if  6  be 
the  co-efficient  of  expansion  for  each  degree  of  elevation  of  tem- 
perature, for  a  difference  of  ±  K  degrees,  the  length  of  the  arc 
will  change  from  v  to  v(\±6~K),  the  upper  or  lower  sign  being 
used  accordingly  as  the  temperature  is  raised  or  lowered;  but  as 
the  change  of  temperature  causes  a  change  of  tension  under 
which  the  length  v  is  altered  by  reason  of  the  elasticity  of  the" 
material,  the  ultimate  effect  of  a  change  of  temperature  on  the 
length  of  the  arc  is  the  difference  between  the  expansion  or  con- 
traction due  to  change   of  temperature,   and  the   consequent 
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contraction  or  expansion  due  to  change  of  tension  from  T  to  Tx ; 
hence,  the  alteration  of  length  due  to  a  difference  of  temperature 
=  ±  K,  is  from  v  to  v(l  ±  6K)  {  +  x  (T1  -  T)}.  If  the  points  of  sus- 
pension be  on  the  same  level,  vx  being  the  length  of  the  arc 
on  each  side  of  the  vertex,  then,  previous  to  the  change  of 
temperature — 

2vi  =  a  +  J^>  (A-) 

after  the  change  of  temperature — 

2»1(l±*K){l+x(Ti-T)}=«+-gf! (B.) 

If  A  be  subtracted  from  B,  2«x  be  assumed  =  a,  the  term  contain- 
ing a.  and  8  as  factors  be  neglected,  and  every  term  be  divided 
by  a,  then — 

±rK  +  KT1-T)=^-2(l-if) (H.) 

2  2 

By  putting  for  Tx  its  values  (7)   5.-7 and  ^-y— ,  the  variation  in  the 

dip  is  obtained.  The  above  equation  should  be  applied  by  trying 
the  value  of  Tx  or  d  respectively,  which  will  satisfy  it. 

174.  If  the  points  of  suspension  are  not  on  the  same  level,  but 
one  be  at  G-  and  the  other  at  A,  then  the  portion  of  the  curve 
below  the  horizontal  line  NG-  drawn  through  the  lower  point  of 
suspension  is  symmetrical  about  the  line  BF,  and  the  vertex  B  is 
not  in  the  centre  of  the  span,  but  nearer  to  the  lower  point  of 
suspension.  To  find  the  horizontal  distance  of  the  lowest  point 
or  vertex  from  each  point  of  suspension  respectively,  the  differ- 
ence of  level  d2  being  given,  the  dip  below  the  lowest  point  of 
suspension  is  (6) — 

d  =  ^, (C.) 

below  the  highest  point — 

<*i=4t' (°-> 

the  difference  of  level  between  the  points  of  suspension  d2  =  d j  — 

d=§^{y\  ~y2)'>  Pitting  g+a;  for  yv  and  --a;  for  y,  d2  =  ^x,  or 

d  T 
x  =  — - ...[15);  the  distance  from  the  lower  point  of  suspension  ia. 
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"  -  S— ,  and  from  the  higher  point  -  +  -?— .  As  only  the  first 
2      on-  Z     a™ 

term  of  the  series  (6)  is  taken,  this  formula  is  only  applicable  to 

spans  up  to  about  200  yards  under  ordinary  conditions  as  to 

tension.     If  more  terms  of  (6)  be  used,  the  formula  is  applicable 

to  longer  spans,  and  under  other  conditions  as  to.  tension.    Thus, 

if  two  terms  of  the  series  (6)  be  taken  then— 

d* -  vt  +  w&r+  vimr  ' 

and  by  substituting  numerical  trial  values,  the  value  of  x  may  be 
obtained  with  sufficient  accuracy  for  all  practical  purposes. 

175.  A  ready  mode  of  noting  differences  of  level  of  the  wire  is 
to  have  the  curve  drawn  to  scale,  and  apply  it  to  a  drawing  of  the 
profile  of  the  ground  and  the  objects  the  wire  is  to  pass  over;  the 
curves  may  be  calculated  by  means  of  the  series  for  the  ordinate 
with  sufficient  accuracy  for  any  purpose  occurring  in  practice. 
The  curves  might  be  cut  in  sheet  brass,  and  the  values  of  the 
scales  marked  on  the  brass.  A  drawing  of  the  catenary  is  given 
in  M.  Blavier's  "  Telegraphie  Electrique "  for  use  as  described 
above,  but  the  scales  given  with  the  curve  do  not  agree.  Many 
of  the  above  formulae  are  contained  in  M.  Blavier's  work ;  they 
are  not  all  deduced  in  so  simple  a  manner  as  above,  and  the  series 
representing  the  length  of  the  arc,  and  the  formulae  for  the 
influence  of  temperature  on  the  tension,  &c,  given  by  M.  Blavier, 
are  inaccurate. 

176.  When  the  difference  of  level  between  the  points  of  sus- 
pension is  very  great,  the  curve  formed  by  the  wire  may  be  only 
naif  the  curve  ABC,  fig.  36 ;  in  this  case  one  point  of  suspension 
is  at  the  vertex,  and  the  dip  is  equal  to  the  difference  in  level ;  in 

this  case  (6)  d  =  -^,  or  the  distance  of  the  supports  is  \  /  =  a. 

This  is  to  be  avoided  in  practice;  and  in  doubtful  cases  either  this 
formula  should  be  applied  to  find  the  minimum  distance  admissible 
between  posts  greatly  differing  in  height,  or  the  distance  should 
be  found  as  follows : — It  being  decided  to  give  the  wire  a  certain 
dip  d,  below  the  lower  point  of  suspension,  then  approximately 

(C)and (D)  - y  =  A/  - — ,  and yx  -  \f  — J— ;  from  which  y  and  y 

having  been  found,  the  distance  y  +  y\  is  the  distance  the  points 
of  suspension  must  be  placed  apart  to  allow  a  dip  =  d  below  the 
lower  point. 

177.  If  a  chain  be  loaded  uniformly  along  a  horizontal  line — 
i.  e.,  the  load  on  any  length,  as  BG,  is  proportionate  to  the  hori- 
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zontal  line  FK,  then  the  chain  hangs  in  a  curve,  termed  a 
parabola.  In  the  calculations  for  finding  particulars  of  form,  <fec, 
of  bridge  chains,  the  formulae  of  the  parabola  are  commonly- 
employed  instead  of  those  of  the  catenary;  in  telegraph  construc- 
tion the  equations  of  the  parabola  are  also  frequently  employed ; 
but  the  parabola  and  catenary  are  only  nearly  alike  near  the 
vertex  ;  and  hence,  when  the  dip  and  span  are  considerable,  the 
curve  cannot  be  considered  as  approximating  to  the  parabola. 
The  case  of  a  suspension-bridge  chain  differs  from  that  of  a 
telegraph  wire  in  two  important  particulars :  it  assists  in  supporting 
a  load  (the  bridge  platform,  &c),  which  is  distributed  almost 
uniformly  over  a  horizontal  line,  and  the  spans  to  which  the  formulae 
are  applied  are  much  shorter  than  those  to  which  the  formulae  are 
required  to  be  applicable  in  the  case  of  a  telegraph  wire.  As  in 
telegraph  construction,  the  calculations  need  only  be  made  once, 
by  reason  of  the  uniformity  in  conditions  but  few  different  cal- 
culations are  required,  and  when  really  necessary  accuracy  is 
frequently  of  great  importance — it  is  preferable  to  consider  the 
curve  as  a  catenary.  The  formulae  given  above  are  simple  enough 
for  general  use,  if  merely  approximate  results  be  desired ;  a  higher 
degree  of  accuracy  is  attainable  at  will. 

Section  V. — Stability,  Motion,  and  Friction  in  Fluids. 

178.  A  perfect  fluid  is  defined  as  a  body  which  has  no  ten- 
dency to  preserve  a  definite  shape;  the  definition  therefore  in- 
cludes gases  as  well  as  liquids.  The  only  fluids  which  it  is  neces- 
sary to  consider  in  practice  are  air  and  water,  seldom  the  former. 
The  property  of  fluidity  which  distinguishes  liquids  from  solids 
(although  it  does  not  hinder  them  from  obeying  the  ordinary  laws 
of  statics),  introduces  other  considerations  which  constitute  the 
equilibrium  of  fluids  into  a  distinct  branch  of  statics,  termed 
hydrostatics.  The  fundamental  principle  of  hydrostatics  is  as 
follows: — All  fluid  pressure  between  two  fluid  surfaces,  or 
between  a  fluid  and  a  solid,  is  normal  to  the  surfaces  in  contact, 
and  of  equal  intensity  for  all  positions  of  these  surfaces — i.  e., 
whether  the  surfaces  be  vertical,  horizontal,  or  oblique.  From 
the  above  principle  it  follows,  the  pressure  in  a  fluid  at  all  points 
at  the  same  level  is  of  equal  intensity;  whatever  the  angle  at 
which  a  plane  surface  is  immersed,  or  at  which  the  sides  of  a 
fluid  containing  vessel  may  stand,  the  pressure  is  normal  to  the 
immersed  surface,  and  its  intensity  depends  on  the  depth  to 
which  it  is  immersed.  The  intensity  of  pressure  is  greater  at 
the  lower  of  two  points  than  at  the  higher  point,  by  the  intensity 
of  the  pressure  of  a  column  of  liquid  equal  in  height  to  tha 
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difference  in  level — i.e.,  by  the  weight  of  such  a  column  per  unit 
of  area.  The  above  statements  suppose  the  fluid  to  be  still,  and 
acting  by  its  own  weight  alone.  If  the  surface  of  water  be 
exposed  to  the  air,  the  pressure  of  the  atmosphere  must  be  added 
to  that  of  the  water;  but  frequently  from  the  equal  pressure  of 
the  air  on  all  sides,  the  pressure  of  the  atmosphere  may  be 
neglepted.  It  should  also  be  remarked,  that  as  the  internal 
pressure  of  a  fluid  acts  on  the  matter  of  the  fluid  itself,  com- 
presses it  and  increases  its  density,  the  density  is  thereby  made 
to  increase  with  the  depth.  In  fluids  which  are  very  com- 
pressible, as  air,  the  density  varies  nearly  as  the  depth ;  but  in 
the  case  of  water,  the  increase  of  density  may  be  neglected  in 
practice.  A  body  immersed  in  a  liquid  displaces  a  volume  of 
the  liquid  equal  to  its  own  volume  ;  the  liquid  presses  on  the 
body  with  a  total  pressure  equal  to  the  weight  of  liquid  dis- 
placed. The  resultant  of  this  pressure  acts  vertically  upwards 
through  the  centre  of  gravity  of  the  displaced  volume,  which 
point  is  termed  the  centre  of  buoyancy.  If  the  weight  of  the 
body  immersed  be  greater  than  this  resultant — i.e.,  the  body  be 
specifically  heavier  than  the  liquid,  the  body  sinks ;  if  the  reverse 
be  the  case,  the  body  rises,  moving  in  either  case  under  the 
action  of  the  difference  of  the  two  forces — viz.,  its  own  weight 
and  the  resultant  of  the  fluid  pressure.  If  a  plane  surface  be 
immersed  in  a  liquid  (it  may  be  the  sides  of  the  containing  vessel 
or  the  surface  of  an  immersed  body),  the  pressure  of  the  liquid 
on  such  surface  is  perpendicular  to  the  surface  in  direction,  and 
equal  in  magnitude  to  the  weight  of  a  column  of  liquid  whose 
transverse  area  is  the  area  of  the  immersed  surface,  and  whose 
height  is  €he  depth  to  which  the  centre  of  gravity  of  that  surface 
is  immersed.  The  position  of  the  point  of  application  of  the 
resultant,  or  the  centre  of  pressure,  depends  on  the  inclination 
of  the  immersed  surface;  if  this  surface  be  horizontal,  the  centre 
of  pressure  coincides  with  its  centre  of  gravity;  if  it  be  inclined, 
the  centre  of  pressure  is  below  its  centre  of  gravity  a  distance 
depending  on  the  angle  of  inclination;  in  the  latter  case  the 
pressure  is  assumed  to  vary  uniformly  at  each  point  of  the 
surface,  as  the  distance  of  such  point  from  the  line  of  intersec- 
tion of  the  planes  of  the  immersed  surface  and  of  the  upper 
surface  of  the  liquid. 

179.  A  cubic  foot  of  pure  water  at  62°  F.  weighs  62-355  lbs.; 
a  cubic  foot  of  sea  water  weighs  about  64-25  lbs.  Fresh  water 
has  its  maximum  density  at  39°-l,  sea  water  at  about  25°-4.  In 
passing  from  32°  to  212°  F.,  water  expands  about  ^;  and  at 
the  temperature  of  maximum  density,  1  cubic  foot  of  fresh  water 
^weighs  62-425  lbs.     A  column  of  pure  water  at  52°-3  F.  1  foot 
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high,  presses  on  its  base  with  a  force  =  624  lbs.  per  square  foot, 
or  -4333  lbs.  per  square  inch ;  the  intensity  of  the  pressure  of  a 
column  of  average  sea  water  =  1-026,  that  of  a  similar  column  of 
pure  water.  The  above  laws  and  data  are  applied  in  designing 
cable  tanks,  in  calculating  the  pressure  of  water  on  cables  and  other 
immersed  bodies,  and  partially  immersed  structures.  A  cable 
suffers  the  pressure  of  the  water  and  that  of  the  atmosphere; 
but  the  sides  of  a  cable  tank  containing  water,  and  the  bottom 
of  a  floating  ship,  suffer  only  the  pressure  of  the  water,  that  of 
the  air  being  neutralised  by  its  equal  intensity  within  and 
without  the  vessel.  «The  unit  1  atmosphere  refers  to  a  pres- 
sure equal  in  intensity  to  29*922  inches  of  mercury  at  32°  F., 
=  21164  lbs.  per  square  foot,  or  147  lbs.  per  square  inch.  It  is 
evident  the  sides  of  a  cable  tank  are  not  required  to  be  so  strong 
above  as  below,  and  they  should  therefore  increase  in  strength 
downwards,  to  resist  the  increased  pressure  due  to  the  increase 
of  depth  of  fluid. 

180.  The  only  particular  in  which  the  motion  of  air  is  of 
practical  importance  is  in  considering  the  pressure  of  the 
wind  on  telegraph  structures;  the  maximum  intensity  of  wind 
pressure  observed  in  Britain  is  55  lbs.  per  square  foot  on  a. 
plane  surface  at  right  angles  to  the  direction  of  the  wind. 
During  the  last  destructive  cyclone  at  Madras  the  intensity  of 
•pressure  reached   42   lbs.     During  the  cyclone  at  Calcutta  in 

1866,  the  highest  recorded  intensity  was  33  lbs.;  but  the  instru- 
ment had  already  become  bent,  and  shortly  afterwards  the  instru- 
ment, roof,  verandahs,  &c,  were  blown  away;  the  intensity 
was  undoubtedly  much  higher  than  registered.  The  maximum 
intensity  of  pressure  on  a  cylindrical  surface  is  equal  to  about 
half  the  above  quantities  respectively  per  unit  of  area  of  the 
plane  projection  of  such  surface. 

181.  As  stated  above,  a  body  immersed  in  a  fluid  medium,  if 
free  to  move,  ascends  and  floats  or  sinks,  according  to  the  rela- 
tion between  the  specific  gravities  of  the  medium  and  body 
immersed ;  the  body  tends  to  sink  under  the  influence  of  its  own. 
weight,  the  effective  force  with  which  it  is  urged  is  the  difference 
between  the  fluid  pressure  and  the  force  of  gravity  acting  on  the 
body.      Under  these  circumstances  the  body  moves  with  the 

„  -  .,       spec.  arav.  medium 

force  of  gravity  minus  the  force  of  gravity  x— 7—5 — J 

0         J  °  spec.  grav.  body 

thus,  the  velocity  with  which  a  piece  of  iron  tends  to  sink  in 
water  =  32  -  32  x  ^  =  27"5 — i.e.,  it  would  tend  to  acquire  a- 
velocity  of  27 -5  feet  in  one  second  under  the  accelerating  force 
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due  to  tlie  combined  action,  of  the  fluid  pressure  and  its  own 
weight.  A  fluid  medium  offers  resistance  to  displacement,  for  a 
body  moving  in  a  fluid  strikes  successively  different  portions  of 
the  fluid  and  impresses  motion  upon  them,  losing  itself  as  much 
motion  as  it  thus  communicates;  the  fluid  therefore  offers  a 
resistance  to  the  motion  of  the  immersed  body.  Thus  resistance 
increases  as  the  square  of  the  velocity  of  the  body's  motion 
directly;  for  the  resistance  of  the  medium  to  the  motion  of  a 
plane  surface  moving  at  right  angles  to  its  plane,  with  any  velocity, 
is  equal  to  the  weight  of  a  column  of  the  medium  of  a  transverse 
section  equal  in  area  to  the  moving  surface,  and  a  height  equal 
to  that  which  a  body  must  fall  from  to  acquire  its  actual 
velocity;  this  height  being  as  the  sqiiare  of  the  velocity,  it 
follows  that  the  resistance  of  the  medium  varies  as  the  surface 
of  the  body  and  as  the  square  of  its  velocity.  Hence,  a  body 
moving  under  the  combined  influence  of  its  own  weight  and  a 
fluid  pressure,  moves  with  a  velocity  tending  to  increase  by 
reason  of  the  continued  action  of  the  forces;  but  it  tends  to 
increase  in  an  arithmetical  ratio  with  equal  increments  of  time, 
whereas  the  resistance  of  the  medium  increases  as  the  square  of 
the  velocity.  Hence,  the  velocity  will  increase  to  a  certain 
maximum,  at  which  it  will  remain  constant,  and  this  constant 
velocity  is  attained  when  the  resistance  of  the  medium  is  equal 
to  the  force  under  which  the  body  moves;  for  in  this  case  the 
further  action  of  this  force  is  neutralised  by  the  resistance  of  the 
medium,  and  the  body  moves  with  the  velocity  it  has  acquired 
up  to  this  instant  without  further  acceleration.  The  force  with 
which  a  piece  of  cable  tends  to  sink  is  its  weight  in  water;  under 
the  action  of  this  weight  alone  its  velocity  tends  to  increase,  but 
it  attains  a  constant  velocity  when  the  resistance  of  the  medium 
is  equal  to  this  weight — i.e.,  when  its  weight  in  water  w  =  0«2;  v 
being  its  velocity,  and  C  a  quantity  depending  on  its  surface. 

182.  If  a  body  be  moved  in  a  liquid,  a  sensible  resistance  to  its 
motion  is  caused  by  friction  between  the  sides  of  the  body  and 
the  liquid,  in  addition  to  the  resistance  to  displacement  described 
above.  This  friction  depends  in  some  manner  on  the  nature  of 
the  surface,  being  greater  with  rough  than  smooth  surfaces;  it  is 
sometimes  assumed  in  the  case  of  a  cable  to  vary  as  the  diameter, 
but  in  practice  it  is  safer  to  use  a  constant  or  co-efficient  of 
friction  ascertained  by  experiment  in  each  case.  The  friction  is 
also  assumed  in  practice  to  vary  as  the  square  of  the  body's 
motion  and  the  area  of  its  surface. 

183.  "Water  moving  in  an  open  channel,  as  a  river  or  canal,  does 
not  move  with  the  same  velocity  in  every  part  of  its  transverse 
section;  the  particles  at  the  surface  in  the  centre  of  the  stream 
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move  with  the  maximum  velocity,  and  the  water  near  the  banks 
and  the  bottom  has  its  motion  retarded  by  friction;  that  at  the 
bottom  has  the  minimum  velocity.  In  a  very  slow  current  the 
maximum  and  minimum  velocities  are  to  each  other  about  as  1 
to  2,  while  in  ordinary  cases  they  are  as  3  to  5,  and  with  very 
rapid  currents  still  more  nearly  equal.  When  the  velocity  of 
the  current  in  contact  with  the  bed,  and  nature  of  the  material 
of  the  bed,  are  such  that  the  current  has  no  tendency  to  wash 
along  the  material  of  the  bed,  the  channel  is  said  to  be  stable. 
The  maximum  velocity  of  current  consistent  with  stability  differs 
with  the  material  of  tlae  bed,  and  is  stated  to  be  as  follows : — 


Material  of  Bed. 

Velocity  of  Current 
per  Second. 

Soft  Clay,     .... 

•25  foot. 

Pine  Sand,    .... 

.       -50    „ 

Coarse  Sand  and  Gravel, 

.  -70  to  1-00    „ 

Gravel,  1  inch  in  diameter,  . 

.     2-25  feet. 

Pebbles,  1^  inch  diameter,    . 

.     3-33    „ 

Heavy  Shingle,     . 

.        .     4-00    „ 

Soft  Bock,  Brick,  Earthenware 

.     4-50    „ 

Rock,  various  kinds, 

f  600    „ 
'  \  and  upwards 

The  above  table  is  given  by  Professor  Rankine  on  the  authority 
of  M.  Du  Puat,  and  it  is  selected  by  the  author  because  the 
velocities  given  are  low  compared  with  those  given  by  other 
authorities.  Many  rivers,  particularly  in  tropical  climates,  have 
both  the  beds  and  banks  unstable,  and  such  rivers  are  exceedingly 
difficult  to  cross  successfully  by  cable.  It  should  be  remarked 
in  this  case  that  the  channel  is  usually  serpentine  in  form,  the 
current  is,  as  a  rule,  stronger  on  the  concave  than  on  the  convex 
side,  and  consequently  there  is  a  tendency  for  the  concave  bank 
to  become  more  concave,  and  for  matter  to  be  deposited  on  the 
convex  side.  The  subject  of  the  stability  of  river  channels  has 
great  interest  for  the  telegraph  engineer,  particularly  in  countries 
where  the  rivers,  from  their  width  or  other  cause,  must  be  crossed 
by  cable. 


Section  VI. — Theory  of  Submersion,  Recovery,  dec,  of  Cables. 

184.  A  cable  suspended  in  water,  between  two  fixed  points, 
hangs  in  a  catenary  curve;  but  when  the  cable  is  being  raised 
from  or  submersed  below  the  water,  the  conditions  are  altered, 
the  catenary  is  more  or  less  departed  from,  and  its  formulae  are 
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no  longer  applicable.  Air  offers  no  appreciable  resistance  to  the 
motions  of  a  wire  or  cable;  but  water  offers  a  resistance  to  dis- 
placement, and  there  is  sensible  friction  between  water  and  a 
body  moving  in  it,  depending  on  the  nature  and  area  of  the  sur- 
face and  the  velocity  of  the  moving  body.  Thus,  a  cable  hanging 
perfectly  still  in  water  hangs  in  the  same  curve  as  the  same  cable 
would  assume  if  suspended  in  air,  and,  the  superior  density  of 
the  water  being  considered,  the  same  formulae  are  applicable  to 
the  two  cases ;  but  immediately  any  motion  is  impressed  on  the 
cable  the  conditions  are  altered  in  the  one  case  by  the  sensible 
resistance  of  the  medium,  and  the  conditions  of  the  two  cases  are 
no  longer  similar.  The  ultimate  elements  to  be  considered  are 
— the  strength  of  the  cable,  its  weight  in  water,  the  resistance 
the  water  offers  to  displacement  by  the  cable,  the  velocity  of  the 
ship,  the  rate  at  which  the  cable  is  payed  out,  the  depth  of  water, 
and  the  extent  and  nature  of  the  surface  of  the  cable  as  affecting 
friction.  The  proximate  elements  are — the  rate  of  sinking,  the 
angle  of  immersion,  the  length  of  cable  actually  sinking  at  each 
moment,  and  the  velocity  and  direction  of  its  motion.  The 
weight  of  a  cable  in  air  and  in  water,  and  its  tensile  strength 
measured  in  its  own  length  in  air  and  in  water,  are  ascertained 
by  calculation,  and  checked  by  experiment,  for  each  pattern 
cable. 

185.  The  modulus  of  tenacity  in  the  case  of  a  cable  is  its  ulti- 
mate load  in  water,  measured  in  length  of  the  cable  itself;  the 
working  modulus  is  generally  one-fourth  of  the  \iltimate  modulus 
in  water.  Of  a  cable  having  the  same  or  inferior  specific  gravity 
to  water,  the  modulus  would  be  infinite,  and  such  cable  would 
not  run  out  from  the  ship  by  its  own  weight  alone ;  cables  having 
a  specific  gravity  superior  to  that  of  the  water  they  are  to  be  laid 
in,  have  a  finite  modulus  greater  the  less  their  specific  gravity — 
they  sink  with  greater  or  less  velocity  when  cast  into  water.  In 
this  case,  when  the  difference  between  the  specific  gravity  of  the 
cable  and  that  of  water  exceeds  a  certain  amount,  the  weight  of 
the  cable  hanging  in  the  water  is  sufficient  to  drag  fresh  portions 
of  cable  from  the  ship,  and  brake  power  becomes  necessary  to 
prevent  the  cable  running  out  too  fast.  The  latter  is  the  case 
which  occurs  in  practice,  all  cables  hitherto  laid  being  consider- 
ably superior  in  specific  gravity  to  sea  water. 

186.  If  a  detached  piece  of  cable  were  dropped  into  water,  it 
would  sink  in  a  vertical  direction  by  reason  of  its  weight  in 
water;  it  would  tend  to  fall  with  an  accelerated  motion,  increas- 
ing with  the  time  of  falling  in  an  arithmetical  progression;  but 
as  the  resistance  of  the  medium  would  increase  as  the  square  of 
the  velocity,  a  velocity  would  ultimately  be  attained  at  which 
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the  force  of  gravity  would  be  counterbalanced  by  the  resistance 
of  the  medium,  and  the  body  would  move  with  the  velocity  it 
had  already  acquired  without  further  acceleration.  As  the  force 
of  gravity  is  balanced  by  the  resistance  of  the  medium,  these 
opposed  forces  must  be  equal  and  opposite;  hence  the  velocity 
of  falling  would  be  uniform  when  the  upward  pressure  of  the 
medium,  by  reason  of  the  velocity,  equals  the  weight  of  the  body 
in  water.  The  velocity  acquired  will  depend  on  the  extent  and 
mode  of  application  of  the  surface  of  the  falling  body;  other  con- 
ditions remaining  constant,  it  will  be  less  the  greater  the  surface 
the  more  nearly  perpendicularly  the  surface  is  presented  to  the 
pressure  of  the  medium,  and  as  affecting  friction,  the  rougher  the 
side  surface.,  Thus,  a  long  piece  of  cable  dropped  freely  into 
water  would  sink  quicker  if  immersed  endwise  than  laterally; 
and  it  is  evident,  when  immersed  endwise,  from  the  small  extent 
of  surface  perpendicular  to  the  upward  pressure  of  the  water,  the 
retarding  action  of  the  medium  must  be  sensibly  due  to  friction 
only  between  the  vertical  surfaces  of  the  cable  and  the  water. 
Thus,  the  resistance  of  water — 

E  =  C«2; (1.) 

C  being  a  number  dependent  on  the  form,  surface,  &c,  of  the 
body,  and  found  by  experiment,  and  v  being  the  velocity.  "When 
the  velocity  has  attained  its  maximum  and  become  constant 
K  =  w,  the  weight  of  the  body  in  water ;  hence — 

w  =  CM* (2.) 

"For  an  Atlantic  cable  weighing  -2575  lb.  per  foot  in  water, 
when  sinking  v  feet  per  second  perpendicularly  to  the  direction 
of  its  length,  C  was  found  to  equal  about  -154  (F.  Jenkin); 
hence,  for  this  cable,  the  maximum  velocity  of  sinking  in  this 
manner  is  (2) — 

foot  1-294  =       /^_5. 
V    0-154 

187.  It  has  been  assumed  that  the  cable  is  entirely  free  to  move, 
but  this  is  not  the  case  in  practice.  The  object  to  be  attained  in 
laying  a  cable  is  to  place  it  on  the  bottom  without  tension,  but 
without  unnecessary  slack;  hence,  instead  of  allowing  the  cable 
to  run  out  freely,  it  is  restrained  by  tension  at  the  ship ;  this 
tension  modifies  the  line  in  which  the  cable  sinks,  causing  each 
element  to  sink  in  an  inclined  direction  instead  of  vertically,  the 
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direction  in  •which  it  ■would  sink  if  acted  on  by  gravity  alone. 
To  examine  the  conditions  of  submersion,  let  it  be  assumed — 
Firstly,  that  the  bottom  is  horizontal,  and  that  the  cable  is  laid 
in  a  straight  line  on  the  bottom  without  any  tension.  As  each 
portion  of  the  cable  passes  into  the  -water,  it  tends  to  sink  verti- 
cally by  reason  of  its  weight;  let  this  vertical  force  be  resolved 
into  two  rectangular  components,  one  at  right  angles  to  the  cable, 
and  the  other  in  the  direction  of  its  length.  The  former  com- 
ponent does  not  affect  the  tension  on  the  cable — it  is  opposed  by 
the  resistance  the  water  offers  to  displacement  by  the  cable 
moving  in  its  direction,  and  it  affects  the  inclination  of  the  cable 
to  the  horizon,  termed  the  angle  of  immersion;  the  other  com- 
ponent affects  the  tension  on  the  cable,  and  is  opposed  to  the 
friction  between  the  cable  and  the  water,  and  the  tension  at  the 
ship  due  to  the  action  of  the  brake.  The  resistance  of  the  water 
to  the  motion  of  the  cable,  either  in  the  direction  of  its  length  or 
at  right  angle  to  that  direction,  is  dependent  on  the  velocity  of 
motion  in  the  given  direction,  being  directly  as  the  square  of  that 
velocity. 

188.  Considering  only  the  component  at  right  angles  to  the 
cable's  length,  the  resistance  of  the  water  perpendicular  to  the 
direction  of  the  cable  supports  the  latter  as  an  inclined  plane, 
and  causes  it  to  lie  in  a  straight  line.  The  angle  of  immersion 
depends  on  the  relation  between  the  velocities  of  the  ship  and  of 
the  cable  in  a  direction  perpendicular  to  its  length.  If  AB, 
fig.  37,  be  the  surface  of  the  sea,  CD  the  cable,  and  if  the  ship 

move  from  C  to  B  while    the 

— 7v — 7 element  of  the  cable  C  moves 

to  E,  the  relation  between  the 
lines  CE  and  CB,  representing 
the  velocities  of  ship  and  cable 

respectively,  are  ~=,  or  the  sine 

of  the  angle  of  immersion  ACD, 
or  CBE;  hence  the  sine  of  the  angle  of  immersion  expresses  the 
relation  between  the  velocities  of  the  cable  at  right  angles  to  its 
length,  and  of  the  ship.  If  of  the  three  quantities — the  angle  of 
immersion,  the  velocity  of  the  cable,  and  the  velocity  of  the  ship 
— two  be  known,  the  third   may  be  readily  found  from  the 

v 
formula:  —  =sin      (3),  in  which  v^  =  velocity  of  ship,  v  that  of 

cable  perpendicular  to  its  length,  and  <t>  =  angle  of  immersion. 
The  resistance  of  the  water  to  the  motion  of  the  cable  perpen- 
dicular to  its  length  is  given  in  formula  (2).     The  velocity  v  is 
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less  than      /-,  because  the  cable  is  not  suspended  horizontally; 

for  as  only  one  component  of  the  weight  is  considered,  and  the 
components  are  taken  at  right  angles  to  each  other,  the  rate  of 

motion  cannot  exceed       / =v;  cos  <f>  w  being  the  value 

of  the  component  of  the  weight  of  the  cable  in  the  direction 
perpendicular  to  its  length.  Thus  the  Atlantic  cable,  weighing 
•2575  lb.  per  foot  in  water,  could  not  sink  faster  than — 


V 


cos  &  -2575 

_: _  qj 

•154 


when  oblique  to  the  horizon.  The  weight  of  the  cable  overcomes 
the  resistance  of  the  water  with  a  velocity  which  increases  with 
this  weight  in  water,  directly  as  the  cosine  of  the  angle  of  immer- 
sion, and  inversely  as  the  co-efficient  of  the  resistance  the  water 
offers  to  the  motion  of  the  cable.  The  introduction  of  the  cosine 
is  in  accordance  with  the  parallelogram  of  forces;  it  is  evident, 
in  considering  the  component  of  the  weight  perpendicular  to  the 
cable,  that  this  has  a  less  value  the  greater  the  angle  of  immer- 
sion, and  when  the  cable  is  immersed  at  right  angles  to  the 
surface  of  the  sea,  or  vertically,  this  component  vanishes.  The 
velocity  of  sinking  at  right  angles  to  its  length,  and  the  angle  of 
immersion,  are  not  affected  by  the  length  of  cable  in  motion,  as 
the  resistance  of  the  water  acts  equally  on  each  portion  of  that 
length. 

189.  Considering  now  the  component  of  the  weight  taken  in 
the  direction  of  the  cable's  length,  this  component  is  equal  in 
magnitude  to  the  weight  of  the  cable  in  water,  multiplied  by  the 
sine  of  the  angle  of  immersion — it  is  opposed  to  the  friction  of  the 
water  and  the  tension  at  the  ship.  As  the  cable  lies  in  the  water 
as  if  it  were  on  an  inclined  plane  moving  in  the  direction  of  the 
vessel,  the  tension  at  the  ship  is  less  than  if  the  length  of  cable 
hanging  in  the  water  were  suspended  vertically,  and  is  equal  to 
the  weight  of  a  piece  of  cable  as  long  as  the  depth  of  the  sea. 
Therefore  the  tension  on  the  cable  is  not  increased  by  diminishing 
the  angle  of  immersion  ;  so  long  as  the  depth  remains  constant,  it 
is  independent  of  the  length  of  cable  actually  suspended  in  the 
water  at  any  moment,  the  friction  between  the  cable  and  water 
being  neglected.  Thus,  if  the  vessel  be  urged  at  an  increased 
speed,  the  angle  of  immersion  will  be  reduced,  a  greater  length  of 
cable  will  be  on  its  way  to  the  bottom  at  each  moment,  but 
(friction  being  neglected)  the  tension  on  the  cable  at  the  ship 
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will  remain  the  same.     If,  in  fig.  38,  AC  be  the  cable  from  the 

ship  at  A  to  the  bottom  at  0,  if  a 
pulley  be  conceived  at  A,  and  a  length 
of  cable  AB  continuous  with  CA,  and 
equal  to  the  depth  of  the  sea,  be  sus- 
pended over  the  pulley  A;  then  the 
weight  of  AB  will  balance  that  of  AC 
lying  on  the  inclined  plane  of  water, 
friction  being  neglected.  For  by  the 
parallelogram  of  forces  the  weight  2  3 
of  CA,  being  resolved  into  two  com- 
ponents—viz., 1  2  and  2  4,  24  =  23x 
cos  ACB,  and  1  2  =  2  3  x  sin  ACB,  the  triangles  are  similar,  and 
AB  =  AC  x  sin  ACB,  .  ■.  the  weight  of  AB  will  balance  the  com- 
ponent of  the  weight  of  AC  in  the  direction  AC  whatever  the  angle 
ACB,  or  the  length  AC,  the  cable  being  assumed  free  to  move 
on  the  inclined  plane  AC  without  friction.  Hence  the  tension 
at  the  ship,  when  the  cable  is  laid  in  a  straight  line  on  a  hori- 
zontal bottom,  without  slack,  is —  T  =  wh-/...(4:);  in  which  w 
is  the  weight  in  water  of  a  unit  of  length  of  the  cable,  h  is  the 
depth,  andyis  the  resistance  offered  by  the  water  to  the  cable's 
motion  longitudinally. 

190.  The  quantity  f  sensibly  affects  the  result,  and  its  value 
remains  to  be  examined.  The  value  of  this  quantity  is  assumed 
to  vary  directly  as  the  square  of  the  velocity  with  which  the 
cable  moves  longitudinally;  it  varies  directly  as  the  amount  of 
friction  on  each  unit  of  the  cable's  length,  and  directly  as  the 
number  of  units  of  length  in  motion.  In  fig.  37,  if  DC  represent 
the  cable,  and  DCithe  level  bottom  of  the  sea;  in  moving  from 
the  position  DC  to  CjEB  the  element  C  will  not  move  in  the 
line  CE  at  right  angles  to  the  cable ;  instead  of  arriving  at  E  the 
element  C  will  arrive  at  Gu  for  DCX  =  DC.  The  cable  being  laid 
without  slack,  in  moving  from  the  first  to  the  second  position  it 
will  have  slipped  through  the  distance  EC1;  equal  to  the  versed 
sine  of  CDC1;  the  longitudinal  velocity  of  the  cable  therefore  is — 

vn  =  v  x  ver  sin  <p (5.) 

If  the  cable  leave  the  ship  at  a  velocity  vm  superior  to  that  of  the 
ship,  then  the  longitudinal  velocity  is — 

vn=vx  ver  sin  <p  +  (v1Ti  —  v) (6.) 

The  resistance  offered  by  the  water  per  unit  length  of  cable 
moving  longitudinally  with  the  unit  velocity,  is  termed  commonly 
the  co-efficient  of  friction ;  it  depends  on  the  extent  and  nature  of 


TENSION  ON  CABLE  AT  SHIP.  113 

the  surface  of  the  cable,  being  greater  with  rough  than  smooth 
surfaces,  and  with  cables  of  large  than  small  diameter.  The  law 
in  which  the  resistance  varies  with  these  conditions  is  not  known , 
it  is  sometimes  assumed  equal  to  the  product  of  the  diameter  of 
the  cable  by  a  co-efficient  obtained  by  experiment ;  for  the  Atlantic 
cable  of  1866  it  was  found  the  resistance  per  foot  of  cable  to  the 
motion  of  the  cable  longitudinally  was  -0085  lb.  (Longridge); 
■007  d  for  hemp-covered,  and  -001  d  for  iron-covered  cables  (Clark 
and  Sabine),  are  approximations  considered  sufficiently  near  for 
practical  purposes,  d  being  the  diameter  in  inches.  The  value  of 
the  co-efficient  is  difficult  to  determine ;  there  is  a  general  agree- 
ment concerning  the  formulae,  but  different  values  are  given  by 
several  authors  to  the  co-efficient ;  as,  however,  there  is  always  a 
percentage  of  slack  allowed  more  than  sufficient  to  cover  inaccuracy 
in  this  particular,  and  cables  are  not  purposely  loaded  to  so  near 
their  breaking  points  as  to  render  the  inaccuracy  of  consequence, 
no  practical  difficulty  arises  from  the  use  of  an  approximate  value. 
The  frictional  resistance  is  directly  as  the  length  of  cable  in 
motion ;  this  length  I  is  directly  as  the  depth  of  the  sea,  and 
inversely  as  the  Sine  of  the  angle  <p,  i.  e. — 

1= -.-*-;  (7.) 

sin  f  x    ' 

thus,  /  (4)  is  given  by  the  formula — 

f=v^xc^l;    (8.) 

cx  being  the  so  called  co-efficient  of  friction.  Substituting  the 
values,  the  cable  passing  out  at  a  greater  velocity  than  that  of  the 
ship,  the  case  in  practice — 

/=(«  xversinp  +  «J111-«1)2xc1xg-v^   (9.) 

191.  Dividing  the  quantity  in  brackets  by  vv  placing  v,  outside 
the  brackets,  and  substituting  for  the  versed  sine  1  -cos: — 

cM(—  -cos?V 

J  sin  P 

and  (4)  becomes 


■  =  J         ^fe-008*)2].;    (10.) 

I  sin  f  J 


a  formula  agreeing  exactly  with  that  given  by  Messrs.  Clark  and 
Sabine  (Tables  and  Formula)   on  the   authority  of  Mr  Long- 
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ridge.  If  the  second  member  of  the  equation  be  multiplied  by 
•0536,  and  h  be  fathoms,  the  quantity  T  ■will  be  in  hundredweights; 
pounds  and  feet  being  used  within  the  brackets.    From  the  above  it 

is  evident  that  the  strain  on  the  cable  is  reduced  when  -S 

is  increased  in  value  by  increasing  the  percentage  of  slack,  and 
the  same  effect  is  produced  by  increasing  the  speed  of  the  ship 

vlt  maintaining  the  relation  —  constant. 

192.  If  the  ship  be  stopped,  the  tension  is  no  longer  reduced  by 
the  friction  and  the  resistance  of  the  water  perpendicular  to  the 
cable's  length;  the  cable  forms  a  catenary;  and  hence,  if  it  become 
necessary  to  stop  the  ship,  the  cable  should  be  allowed  to  run  out 
to  reduce  the  angle  p  nearly  to  90°,  and  the  tension  as  nearly  as 
possible  to  hw,  the  least  value  it  can  have  when  the  paying  out 
has  stopped;  for  in  this  case  there  is  no  tension  at  the  bottom  of 
the  sea.  If  the  cable  hang  obliquely,  there  is  tension  at  the 
bottom,  and  the  cable  is  under  the  action  of  three  forces  in  equi- 
librio — viz.,  the  tension  at  the  bottom,  the  weight  of  the  cable,  and 
the  tension  at  the  ship;  as  it  hangs  in  a  catenary  curve,  the 
tension  at  the  ship  exceeds  that  at  the  bottom  by  an  amount  equal 
to  the  weight  of  a  length  of  cable  equal  to  the  difference  in  level 
— i.e.,  the  dip  of  the  curve,  or  the  depth  of  the  sea.  Thus,  if  T 
be  the  tension  at  the  ship,  T  -  hw  will  represent  the  tension  at 
the  bottom.  T  is  the  resultant  of  the  weight  and  the  tension  at 
the  bottom;  by  the  parallelogram  of  forces  each  component  is 
equal  to  the  product  of  the  resultant  and  the  cosine  of  the  angle 
between  its  direction  and  that  of  the  resultant ;  hence  T  -  hw  =  T 
cos  p;  transposing  and  expressing  the  division — 

T=     hw      ■     .  .  ..(110 

1-cos*'    ...ah.; 

This  tension  may  be  expressed  in  terms  of  /w«;let  T  —  xhw,  then 

1 


1  -  COS  0  ' 


.(11  A.) 


x  represents  the  tension  when  the  cable  hangs  at  the  angle  0,  in 
terms  of  the  minimum  tension  hw.  From  this  formula  it  follows  : 
when  0  =  90°  the  tension  x  =  1,  or  hw  x  1 ;  when  the  angle  0  =  0°, 
then  ic  =  infinity;  for  <p  =  h°,  x-  262-8,  or  T  equals  262-8  x  hw,  <fec; 
and  generally,  x  represents  the  tension  measured  by  the  weight  of 
a  length  of  cable  equal  to  the  depth  of  the  sea.  A  table  calculated 
from  this  formula  is  given  by  Messrs.  Clark  and  Sabine,  on  the 
authority  of  "Airy,"  as  a  "  Table  of  the  tension  of  cable  when 
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payed  out  at  different  angles ;"  but  this  is  incorrect,  the  formula 
does  not  apply  to  a  cable  during  paying  out,  it  is  true  only  when 
the  cable  is  hanging  stationary.  Observation  of  tensions  and 
angles  in  practice  proves  that  a  cable  does  -not  hang  in  a  catenary 
during  paying  out,  and  confirms  the  theory  stated  above. 

193.  This  formula  is  useful  to  calculate  the  strain  on  a  land 
line  at  the  supports,  when  the  difference  of  level  between  either 
of  the  points  of  support  and  the  lowest  point  of  the  curve,  and 
the  angle  made  by  the  wire  with  the  horizon  at  the  insulator, 
are  known.  The  angle  at  one  of  the  insulators  being  measured 
with  a  clinometer,  and  the  dip  being  known,  the  tension  at  the 
insulator  may  be  calculated ;  and  when  the  supports  differ  in 
height  this  may  be  calculated  for  each  support.  If  the  tension 
on  the  wire  be  known,  the  dip  may  be  readily  calculated  from 
this  and  the  inclination  at  the  insulator.  Some  values  of  x  are 
given  in  the  following  table  : — 

Tension  measured  by  weight  of  a  piece 
th 


Angle  with  Horizontal  line. 

of  wire  or  cable  equal  in  lengtl 

to  the  dip. 

5° 

262-8 

10° 

65  '8 

15° 

29-4 

20° 

16-6 

25° 

10-7 

30° 

7-47 

35° 

5-53 

40° 

4-27 

45° 

3-47 

50° 

2-80 

55Q 

2-35 

60° 

2-00 

90° 

1-00 

194.  The  formula  (11  A)  evidently  represents  the  tension  on 
each  side  of  a  bight  of  cable  hanging  stationary  in  the  water, 
suspended  from  a  grapnel ;  as  the  cable  is  free  to  slip  longitudi- 
nally on  the  grapnel,  the  tension  on  each  side  of  the  bight  is 
balanced  by  that  on  the  other  side,  and  hence  these  tensions  are 
equal.  The  tension  on  the  grapnel  rope  Tx  being  the  resultant 
of  these  equal  forces,  is  equal  to  one  of  them  multiplied  by  the 
cosine  of  half  the  angle  formed  by  the  bight,  or — 

T1=^*^ • (12.) 

1    sm  p  (1  -  cos  <p)  v      ' 

195.  When  a  cable  is  lifted,  the  friction  and  the  resistance  to 
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displacement  offered  by  the  water  do  not  act,  as  in  the  case  of 
submersion,  to  diminish  the  tension  on  the  cable ;  they  act  in 
opposition  to  the  lifting  force,  and  hence  increase  this  tension, 
and  consequently  the  load  on  the  grapnel  rope  also.  As  the 
friction  and  resistance  to  displacement  increase  with  the  square 
of  the  longitudinal  and  transverse  velocities  of  the  cable  respec- 
tively, it  is  of  great  importance  in  lifting  a  cable  to  do  so  slowly. 
If  the  cable  be  raised  on  the  bight  the  conditions  are  the  most 
severe,  for  the  angle  of  the  bight  cannot  be  reduced ;  if  the  end  is 
on  board,  the  load  on  the  cable  admits  of  reduction  by,  as  far  as 
practicable,  causing  the  vessel  to  move  over  the  track  of  the 
cable  with  such  velocity,  relative  to  that  of  the  taking  in  of  the 
cable,  as  to  keep  the  angle  t  as  large  as  possible.  To  obtain  the 
load  on  a  cable  while  being  lifted,  it  is  necessary  to  add  to  the 
tension  due  to  the  cable  hanging  in  a  catenary  the  additional 
resistance  due  to  friction  and  resistance  to  displacement.  The 
value  of  the  resistance  due  to  friction  is  obtained  as  explained  in 
Paragraph  190.  The  value  of  the  resistance  to  displacement  may 
be  obtained  by  means  of  (2)  ;  for  C  having  been  ascertained  by 
experiment,  the  resistance  to  a  cable  moving  in  a  direction  per- 
pendicular to  its  length  with  velocity  v  is  C«2;  but  as  the  caole  is 
raised  at  an  angle,  this  resistance  is  reduced  as  the  cosine  of  the 
angle  it  makes  with  the  horizon  if,  hence  this  resistance  per  foot 
B.  =  O2  cos  f.  As  cables  are  raised  at  considerable  angles  with 
the  horizon,  cos  <p  is  usually  small,  and  v  is  also  kept  small. 


PART  II. 

PROPERTIES  AND  APPLICATIONS  OF  MATERIALS— OPERATIONS 
AND  MANIPULATION. 


CHAPTER  I. 

NON-METALLIC   MATERIALS   NOT   INSULATORS   PROPER. 

Section  I. — Wood  and  its  Application. 
Division  I. — Properties,  Preservation,  and  Carpentry. 

196.  Wood  has  the  organised  structure  and  complex  com- 
position common  to  organised  bodies  ;  it  is  composed  of  spindle- 
shaped  cells,  or  of  tubes  primarily  of  cellulose,  more  or  less 
thickened  by  the  deposition  in  their  interior  of  lignine,  which 
renders  their  walls  impermeable  to  fluids  and  gives  the  wood  its 
stiffness.  Cellulose  forms  the  basis  of  vegetable  tissues,  and  is 
allied  to  starch.  Lignine  is  not  coloured  by  iodine,  and  has  a 
slight  trace  of  nitrogen  in  its  composition.  Woody  fibre,  ligneous 
tissue,  or  pluerenchyrna,  in  its  early  state  contains  and  conveys 
fluids,  but  a  deposit  of  lignine  ultimately  obliterates  the  vessels. 
"Woody  tissue  contains  naturally  more  or  less  of  the  organic  sub- 
stances albumen,  caseine,  starch,  sugar,  &c. 

197.  As  obtained  from  the  plant,  wood  is  liable  to  alteration 
chemically  by  the  fermentation  of  its  contained  fluids,  and 
mechanically  by  exudation  of  these  fluids.  The  form  and  volume 
is  altered  by  drying  (shrinking,  warping).  Unless  dried  either 
with  the  bark  on,  or  slowly  and  with  certain  other  precaiitions, 
the  wood  in  the  process  of  drying  cracks  in  the  direction  of  the 
fibres.  Alteration  in  form,  and  the  existence  in  the  wood  of 
organic  products  favourable  to  decay,  attractive  to  insects,  and 
conducive  to  the  destruction  of  the  wood  by  fungi,  render  wood 
in  its  natural  state  inapplicable  to  most  purposes  to  which  pre- 
pared, dried,  or  seasoned  wood  is  applied.  Not  only  is  dried  or 
seasoned  wood  more  permanent  in  volume  and  shape,  and  more 
durable,  but  it  is  stronger  than  wood  as  obtained  from  the  plant, 
and  of  course  lighter ;  but  unseasoned  wood  is  easier  to  work. 
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The  resistance  offered  to  crushing  is  sometimes  doubled  by  drying, 
and  by  the  ordinary  process  the  heaviness  is  reduced  by  one-third ; 
when  quite  dry,  some  kinds  are  reduced  to  half  their  original 
heaviness.  From  the  above  it  is  apparent  that  water  and  unstable 
organic  compounds  should  be,  so  far  as  practicable,  extracted  from 
wood  to  give  it  its  maximum  durability,  permanence  of  form,  &c. ; 
and  for  many  purposes  to  which  wood  is  applied,  the  shrinking 
and  splitting  of  the  wood  would  either  cause  the  work  to  fall  to 
pieces,  or  so  loosen  the  joints  as  to  render  the  work  unservice- 
able. It  is  also  evident,  in  the  event  of  wood  being  necessarily 
used  in  its  unprepared  state,  no  impediment  should  be  placed  in 
the  way  of  the  exudation  of  its  moisture,  by  tarring,  painting,  &c. 

198.  Injury  to  the  organised  structure  of  wood  is  prejudicial 
to  its  strength,  and  should  therefore,  so  far  as  possible,  be  avoided. 
For  this  reason  the  abstraction  of  its  products  cannot  be  indefi- 
nitely hastened  without  impairing  the  strength  of  the  product. 
Split  wood  is  stronger  than  sawn  ;  wood  round  from  the  tree  is 
stronger  than  squared  timber;  and  in  pile-driving  a  pile  cutwith  the 
pith  of  the  tree  in  its  centre,  is  found  less  liable  to  split  than  one 
cut  from  superior  timber  in  which  this  condition  is  not  fulfilled, 
as  when  four  piles  are  cut  from  one  tree.  In  consequence  of  the 
organised  structure  of  wood,  its  tenacity  is  greater  with  than 
across  the  grain ;  and  a  square  prism  of  wood  bends  easier  across 
two  of  its  opposite  sides  than  across  the  other  two  sides,  provided 
the  pith  of  the  tree  be  not  in  the  centre  of  the  prism. 

199.  Useful  wood  is  produced  by  both  endogenous  and  exo- 
genous plants,  the  bamboo  and  palms  are  instances  of  the  former. 
Wood  from  endogenous  plants  is  however,  of  very  limited  appli- 
cation, being  too  slender  and  flexible  for  the  majority  of  purposes 
to  which  wood  of  exogenous  plants  is  applied  ;  but,  being  light 
and  tough,  it  is  very  useful  for  many  purposes.  It  frequently 
happens  that  little  or  no  care  is  taken  in  selecting  endogenous 
wood,  and  in  removing  from  it  fermentable  matter,  and  hence  its 
durability  is  underrated. 

200.  The  stem  of  an  exogenous  tree  supplying  wood  encloses 
in  its  centre  the  pith;  during  the  first  year  this  is  cellular,  full 
of  fluid,  and  occupies  a  large  portion  of  the  stem.  The  pith  is 
enclosed  in  its  sheath  (the  medullary  sheath) ;  around  this  is 
formed,  in  the  first  year,  a  layer  of  fibres  or  fusiform  cells,,  a 
similar  layer  is  formed  in  each  succeeding  year;  the  pith  becomes 
indurated,  it  does  not  increase  in  size,  but  is  never  obliterated. 
The  layers  of  fibres  thus  deposited  are  at  first  permeable  by 
fluids,  but  beginning  nearer  the  pith,  ligneous  matter  is  deposited 
in  their  interior  until  they  are  rendered  impermeable  and  their 
cavities  almost  filled.     The  layers  nearer  the  pith  in  which  this 
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thickening  has  taken  place,  is  termed  the  dv/ra/men  or   heart- 
wood,  and  this  is  the  wood  preferably  employed  in  the  arts  ;  the 
outer  layers,  in  which  the  fibres  are  still  permeable  by  fluids,  is 
termed  the  alhwrnum  or  sap-wood.     The  division  between  these  is 
generally  distinctly  marked.     The  fibres  or  tubes  are  connected 
together  by  their  membranous  coats.      Dr.  Boucherie  found  a 
coloured  fluid  injected  at  one  end  of  a  log  to  form  the  name 
"  Faraday,"  appeared  at  the  other  end  of  the  log  forming  the 
letters  distinctly,  proving  there  was  little  or  no  lateral  diffusion 
of  the  fluid.     The  pith  and  the  bark  are  connected  by  the  medul- 
lary rays  or  silver  gra^n  of  the  carpenter,  these  appear  as  narrow 
lines  running  from  the  centre  to  the  circumference ;  they  are 
usually  continuous  from  the  pith  to  the  bark,  but  occasionally 
secondary  rays  arise  from  the  bark  not  reaching  so  far  inward  as 
the  pith;  they  are  not  continuous  from  the  base  to  the  summit  of 
the  tree.     The  principal  shrinkage  in  drying  is  perpendicular  to 
the  medullary  rays.     The  bark  grows  by  addition  to  its  inside 
surface,  while  the  wood  grows  by  addition  to  its  outside,  hence  the 
bark  is  continually  distended.     The  sap  ascends  annually  from 
the  roots  to  the  leaves,  probably  principally  through  the  outer 
layers  of  wood,  hence  called  sap-wood;  it  descends  chiefly  by  the 
bark,  and  detaches  the  bark  from  the  wood  immediately  beneath 
it ;  the  space  thus  formed  is  filled  with  sap,  which  forms  a  new 
concentric  layer  of  wood.     The  successive  layers  are  separated 
by  lines  more  or  less  distinct,  in  which  the  wood  is  more  porous 
and  darker  than  between  these  lines  ;  hence  the  number  of  rings 
between  the  centre  and  the  bark  exhibited  by  a  cross  section  of 
the  trunk  of  a  tree  generally  indicates  the  age  of  the  tree.    Cedars, 
planes,  oaks,  and  limes  have  been  found  by  the  rings  at  least  1000 
years  old;  and  as  many  as  6000  years  have  been  assigned  to  some 
trees.     Interruption  to  growth,  however,  may  caiise  several  rings 
to  be  developed  in  one  year;  and  sometimes  in  hot  climates 
there  is  so  little  difference  of  activity  at  different  seasons,  that 
the  zones  cannot  be  accurately  defined.     The  width  of  the  zones 
varies  in  different  trees,  and  at  different  periods  of  the  life  of  the 
tree  ;  they  are  usually  broad  in  soft-wooded  trees  and  narrower- 
in  old  than  in  young  trees.     If  a  tree  be  unequally  exposed  to 
light  and  air,  the  zones  will  be  wider  on  the  side  more  exposed, 
and  the  pith  will  be  eccentric.     "Wide  zones  are  generally  an 
evidence  of  rapid  growth ;  they  appear  to  be  wider  at  a  certain 
period  of  the  plant's  life,  differing  with  the  nature  of  the  plant — 
e.g.,  the  most  rapid  upward  growth  of  oak  is  in  the  first  ten 
years,  the  rate  gradually  diminishes  till  the  thirtieth  year,  and 
then  more  rapidly  ;  this  slow  increase,  after  a  certain  period,  is  a 
reason  why  trees  are  often  felled  by  the  grower  before  they  are 
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mature.  Branches  are  similar  in  structure  to  the  trunks  they 
spring  from — they  have  of  course  fewer  annual  rings.  A  branch 
causes  a  distortion  and  perforation  of  the  fibres  of  those  layers  of 
the  trunk  formed  after  the  branch  had  commenced  to  sprout ;  this 
perforation  and  distortion  constitute  what  is  commonly  known 
as  a  knot. 

201.  The  proportion  between  the  heart-wood  and  sap-wood 
varies  with  the  kind  of  tree,  its  age,  and  the  soil  on  which  it  is 
grown  : — in  three  specimens  of  medium  quality,  diameter  =  1,  it 
was — oak  -294,  chestnut  -1,  Scotch  fir  416;  probably  there  is  an 
average  number  of  layers  of  sap-wood,  or  an  average  thickness 
for  each  kind  of  tree.  When  a  tree  has  passed  maturity  decay 
commences  with  the  pith ;  the  centre  of  the  tree  becomes  spongy 
or  hollow,  and  the  heart- wood  proceeding  from  the  pith  becomes 
brittle  and  weaker  than  the  wood  more  removed  from  the  centre, 
and  than  the  wood  equally  distant  in  the  younger  tree.  The 
growth  of  trees  is  at  first  principally  upwards,  and  after  the  full 
height  has  been  gained  the  branches  increase  and  spread.  The 
mean  heights  in  feet  of  the  trunks  of  some  trees  are,  ash  38, 
beech  44,  birch  47,  box  15,  chestnut  44,  elm  44,  fir  57,  oak 
44,  northern  pine  47,  plane  44,  sycamore  31,  walnut  47.  Heart- 
wood  differs  from  sap-wood  in  its  cells  being  filled  with  lignine, 
while  in  sap-wood  the  cells  still  remain  hollow,  and  have 
their  walls  more  or  less  permeable  to  fluids.  Heart-wood  is  in 
many  trees  darker,  it  is  much  closer  in  texture,  harder,  specifi- 
cally heavier,  stronger,  and  more  permanent  in  form  and  volume 
than  sap-wood;  it  increases  in  hardness,  and  becomes  more 
homogeneous  as  the  tree  approaches  maturity;  after  which  it 
deteriorates  from  the  centre.  As  all  sap-wood  decays  rapidly, 
is  inferior  to  heart-wood  in  strength,  stiffness,  and  hardness,  and 
is  very  liable  to  be  attacked  by  insects,  even  in  those  trees  whose 
heart-wood  is  never  attacked,  its  employment  is  avoided  as  much 
as  possible. 

202.  In  temperate  climates  the  sap  rises  during  the  spring 
and  leaves  are  developed ;  in  summer  the  sap  almost  ceases  to 
flow,  and  vegetation  remains  stationary;  in  autumn  the  sap 
descends  and  the  leaves  fall  off;  in  winter  the  tree  becomes  again 
inactive.  In  tropical  climates  the  dry  season  is  the  period  of 
inactivity.  "While  the  sap  is  flowing  the  bark  becomes  loose, 
the  condition  of  the  tree  can  be  thereby  ascertained.  The  best 
seasons  for  felling  trees  are  when  the  circulation  is  least  active 
— viz.,  the  middle  of  the  summer  or  winter  periods  of  quiescence, 
and  during  the  dry  season  in  tropical  climates.  Trees  containing 
much  sap-wood  should  be  barked  in  the  spring  and  felled  in 
the  succeeding  winter ;  by  this  treatment  the  strength  and  the 
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durability  of  the  sap-wood  are  increased.  In  the  Himalayas 
coniferoxis  trees  are  barked  in  the  spring,  when  the  sap  is  rising, 
and  felled  at  the  end  of  October;  the  sap-wood  is  said  to  be 
rendered  by  this  treatment  almost  as  strong  and  durable  as  the 
heart-wood.  In  Norway,  to  obtain  a  greater  quantity  of  tur- 
pentine in  the  wood,  and  render  it  more  solid  and  durable,  they 
ring  the  bark  of  the  branches  just  before  return  of  the  sap,  the 
next  year  they  ring  the  upper  part  of  the  stem,  the  third  year 
the  centre,  and  the  fourth  year  the  lower  part.  Some  trees  are 
better  felled  at  midsummer,  but  the  greater  number  are  better 
felled  in  winter.  Treqg  felled  at  an  improper  season  are  less 
durable,  being  more  liable  to  attacks  of  certain  insects,  and  to 
decay  from  fermentation  of  their  contained  juices;  but  this  is 
of  most  importance  when  the  tree  contains  much  sap-wood. 

203.  Strong  and  durable  wood  of  any  particular  kind  is  dis- 
tinguished by  its  close  texture,  its  greater  specific  weight,  free- 
dom from  knots  and  faults,  if  coloured  by  its  darker  colour,  by 
its  absorbing  little  water  when  immersed,  and  by  straightness  of 
grain.  The  centre  should  be  sound,  and  neither  spongy  nor 
hollow,  nor  should  soft  or  hollow  places,  indicating  decay,  appear 
elsewhere.  The  fibres  should  be  strongly  adherent,  should  cut 
off  short  and  not  be  torn  by  the  saw.  Of  wood  of  the  same 
kind  containing  resin,  gum,  or  sap,  that  containing  least  is  gen- 
erally considered  strongest;  and  the  presence  of  resin  does  not 
necessarily  increase  durability.  Wood  in  which  the  annual 
rings  and  medullary  rays  are  most  marked  is  generally  least 
homogeneous,  and  most  liable  to  warp.  Twining  plants,  by 
interfering  with  the  circulation  of  trees,  injure  the  quality  of 
timber;  but  these  do  less  damage  to  endogenous  trees,  the  latter 
being  protected  by  the  hardness  of  their  bark.  A  knot  or  other 
hidden  fault  in  a  long  piece  of  wood  may  often  be  discovered  by 
supporting  the  wood  at  both  ends  and  loading  it  in  the  centre, 
if  a  fault  exist  the  curve  of  the  beam  will  be  affected  by  its 
presence.  Hollowness  is  detected  by  boring  with  an  auger,  the 
tool  should  be  frequently  withdrawn  and  the  cuttings  examined. 
Quickness  of  growth,  as  evidenced  by  wideness  of  the  annual 
rings,  is  stated  to  be  prejudicial  to  strength.  But  Mr.  Barlow 
found  by  experiment  quickly  grown  oak  was  stronger  than  that 
grown  slower ;  and  quick  growth  is  stated  by  him  to  be  a  sign 
of  vigour,  and  a  proof  of  good  quality  in  the  wood.  There  is, 
however,  much  difference  of  opinion  on  this  point;  the  strength 
must  depend  on  the  circumstances  under  which  the  rapid  growth 
occurs ;  thus,  excessive  heat  and  moisture,  with  poor  soil,  may 
induce  a  rapid  growth  of  bad  wood.  During  the  most  vigorous 
period  of  a  tree's  life  the  rings  are  wider  than  earlier  or  later. 
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To  obtain  the  most  -wood  of  the  best  quality,  and  to  avoid  sap- 
wood,  the  tree  should  be  felled  at  maturity;  the  time  required 
to  reach  maturity  for  a  few  of  the  most  useful  trees  is  given 
below  :-^- 


Age  at  Maturity. 

Tears. 

Oak,         ...... 

■    { 

60  to  200 
average  100 

Ash,  Elm,  Larch,     . 

50  to  100 

Mr, 

,                  . 

70  to  100 

Poplar 

30  to  50 

Norway  Spruce  and  Scotch  Pine, 

70  to  100 

Trees  grown  too  closely  together  are  imperfectly  nourished, 
the  functions  of  the  leaves  being  interfered  with,  and  the  roots 
not  being  thrown  out  vigorously.  Firs  should  be  grown  at  least 
6  to  8  feet,  and  hardwood  trees  28  feet  apart.  Trees  grown  in 
sunny  and  exposed  localities  furnish  stronger  and  more  durable 
wood  than  trees  grown  in  shady  moist  places;  stagnant  water  is 
Very  prejudicial  to  strength  and  durability.  Alder,  ash,  beech, 
poplar,  walnut,  and  willow,  are  the  principal  trees  growing  in 
moist  places ;  pine  and  cedar  grow  best  in  sandy  elevated  places. 
Trees  supplying  the  strongest  timber  are  indigenous  to  warm 
climates;  but  of  trees  of  the  same  kind,  those  grown  in  the 
colder  climate  supply  the  strongest  and  most  durable  wood. 
This  is  attributed  by  some  authorities  to  slower  growth  in  the 
cold  climate ;  but  difference  of  opinion  exists  on  this  point. 
Trees  should  be  selected  with  well-developed  roots,  and  should 
not  have  dead  branches,  particularly  at  the  top;  the  bark  should 
be  uniform,  and  the  trunk  regular  in  shape.  Frost  causes  trees 
to  crack,  and  high  winds  cause  separation  of  the  annual  layers; 
with  the  latter  fault  wood  is  said  to  be  rolled.  Clean  stuff  is 
wood  without  knots  or  sap-wood;  free  stuff  is  clean  and  planes 
without  tearing ;  frowy  stuff  is  soft  in  texture,  and  its  fibres  are 
brittle ;  in  cross-grained  wood  the  fibres  have  twisted  in  growth. 
204.  The  term  timber  is  applied  to  trees  measuring  2  feet 
and  more  in  girth;  all  timber  trees  properly  so  called  are  exo- 
genous. While  the  tree  is  living  the  wood  is  called  standing 
timber;  when  felled,  rough  timber;  with  the  outside  pieces  sawn 
off,  squared  or  sided  timber ;  the  largest  square  log  which  can  be 
cut  from  a  tree  is  termed  a  baulk;  the  outside  pieces  sawn  off  are 
termed  slabs.  When  sawn  up,  timber  is  said  to  be  converted;  it 
is  called  scantling  when  in  large  pieces,  planks  and  boards  when 
in  thin  pieces.  A  board  11  inches  wide  is  termed  a  plank,  and 
less  than  7  inches  a  batten.     A  piece  of  wood  70  to  80  feet  long, 
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and  18  inches  to  25  inches  diameter,  is  termed  a  mast;  smaller  than 
this,  a  spar.  A  baulk  cut  longitudinally  through  the  diagonal 
of  its  section  is  said  to  be  cut  arris-wise. 

205.  Timber  for  purposes  of  carpentry  is  classified  as  coniferous 
or  fir  wood,  and  non-coniferous,  hard,  or  leaf  wood.  Fir  wood  is 
generally  straight  in  fibre,  regular  in  figure,  and,  from  the  lateral 
adhesion  of  its  fibres  being  small,  is  easily  divided  along  the 
grain;  pine,  fir,  larch,  cowrie,  yew,  cedar,  juniper,  and  cypress, 
are  examples  of  this  class.  Non-coniferous  woods  do  not  contain 
turpentine;  they  are,  generally  speaking,  less  regular  in  texture 
than  fir  wood,  and  bettej;  adapted  to  bear  shocks  and  resist  stress 
across  the  fibres. 

206.  Timber  may  be  felled  at  the  proper  season  either  by  the  tree 
being  cut  down  at  once,  or  by  a  ring  being  cut  round  it  through  the 
bark  and  into  the  sap-wood,  so  as  to  cut  off  the  supply  of  sap  to 

,  the  upper  part  of  the  tree,  after  which  the  tree  is  left  standing  a 
year  to  die  and  dry,  when  it  is  cut  through.  The  latter  mode  is 
used  when  the  object  is  to  improve  the  quality  of  the  sap-wood. 
A  saw  is  the  more  economical  instrument  for  felling;  but  if  the 
axe  be  used,  the  patterns  in  general  use  in  the  country  will,  as  a 
rule,  be  found  preferable  in  the  hands  of  the  native  to  foreign 
patterns;  this  applies  also  to  other  wood-cutting  tools,  as  dhaws, 
kookeries,  &c,  used  for  clearing.  To  fell  a  tree  with  the  axe, 
commence  on  the  side  the  tree  will  fall,  and  cut  a  deep  wedge- 
shaped  opening  half  through,  then  cut  on  the  other  side  until 
the  tree  falls.  Having  felled  the  tree,  it  has  to  be  prepared  for 
use  by  removing  as  far  as  possible  its  fluids,  and  by  shrinking  it 
slowly  that  it  may  not  split  in  the  drying  or  after  having  been 
made  up;  by  shrinking  it  thoroughly,  its  future  shrinking  or 
warping  is  reduced  to  a  minimum,  the  process  is  termed  drying 
or  seasoning.  Some  woods  warp  more  than  others  in  drying, 
and  hence  it  is  more  necessary  to  be  assured  such  woods  are 
dried  before  they  are  made  up.  For  some  purposes,  as  for 
joinery,  it  is  essential  the  wood  be  thoroughly  seasoned;  but  for 
other  purposes,  as  telegraph  posts,  although  seasoned  timber  is 
much  to  be  preferred,  wood  has  frequently  to  be  used  before  it 
has  been  seasoned;  in  this  case  the  conditions  favourable  to 
seasoning  should  be  as  far  as  possible  presented  (Paragraph  197.) 
After  felling,  the  log  should  be  roughly  squared  by  sawing  off 
four  slabs;  large  logs  for  masts  are  cut  into  octagonal  prisms,  a 
shape  also  commonly  given  to  hardwood  timber  for  posts.  Firs 
for  telegraph  posts  are  only  barked  and  planed.  If  the  logs  are 
to  be  cut  up  they  may  be  halved  or  quartered  at  once.  Some- 
times timber  is  allowed  to  lie  six  months  before  squaring;  but  the 
object  in  squaring  is  to  prevent  the  timber  cracking  by  unequal 
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contraction,  and  to  hasten  the  drying.  When  the  difference  in 
structure  between  sap-wood  and  heart-wood  is  considered,  it 
will  be  evident  the  former  may  be  expected  to  shrink  more  in 
drying;  while  being  placed  outside  the  latter,  the  tendency  of 
drying  must  be  to  split  the  wood.  Timber  should  remain  one 
year  in  scantling  before  being  cut  thin,  or  it.  may  warp  and  split. 
Wood  split  in  seasoning  is  said  to  be  shaken;  a  quadrilateral 
piece  of  timber,  concave  between  two  opposite  corners  and  con- 
vex between  the  other  two,  is  said  to  wind,  be  winding,  or  to 
warp.  Timber  to  be  used  full  size  for  beams  or  masts  may  be 
bored  from  end  to  end  with  advantage,  as  the  liability  to  split  in 
drying  is  thereby  reduced.  The  logs  should  be  removed  from 
the  forest  as  soon  as  possible,  and  placed  perpendicularly  or  nearly 
so,  the  lower  end  being  raised  from  the'  ground,  in  a  well-drained 
place,  exposed  freely  to  the  air,  but  sheltered  from  wind  and 
sudden  changes  of  temperature,  the  object  being  to  dry  the  wood 
gradually.  If  the  wood  cannot  be  sheltered,,  it  may  be  plastered 
with  cow-dung  and  mud  as  a  substitute;  if  it  cannot  be  raised  in 
the  manner  directed  above,  it  may  be  placed  horizontally,  sup- 
ported on  iron  or  stone,  allowing  a  free  circulation  of  air  round 
each  piece.  Waste  wood  should  be  excluded  from  the  timber- 
yard  •  as  favourable  to  insects  and  fungi,  which  might  attack 
unseasoned  wood.  This  method  of  seasoning  is  termed  the 
natural  method;  for  carpenter's  work  two  years,  and  for  joinery 
ftrar  years  are  the  usual  periods  allowed  before  the  wood  is  made 
up.  When  fit  for  carpenter's  work  it  is  said  to  be  seasoned, 
when  fit  for  joinery  it  is  said  to  be  dried,  but  it  is  not  then 
perfectly  dry;  English  oak,  for  example,  cannot  be  thoroughly 
dried  in  much  less  than  twenty  years.  The  periods  necessary  to 
season  or  dry  wood  depend  on  the  size  of  the  pieces;  in  the  open 
air,  logs  10'  x  6"  x  6"  are  seasoned  in  eleven  months,  and  dried  in 
twenty-nine;  logs  20'  x  20"  x  20"  are  seasoned  in  thirty-six  months, 
and  dried  in  ninety-six  (Tredgold).  The  loss  of  weight  and 
shrinkage  per  cent,  in  a  few  cases  (collected  by  Rankine)  is  as 
follows : — 


Loss  of  Weight 

Shrinkagi 

per  Cent. 

per  Cent. 

Pine, 

.     12  to  25 

2  to  3 

Larch,     . 

6  to  25 

2  to  3 

Oak,  British,  . 

.     16  to  30 

about  8 

Elm, 

.    about  40 

The  loss  of  weight  is  used  as  a  test  of  seasoning,  it  varies  with 
the  age  and  quality  of  timber,  soil,  &c.  Timber  is  fit  for  carpen- 
ter's work,  according  to  Eondelet,  when  it  has  lost  one-sixth; 
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according  to  Tredgold,  when  it  has  lost  one-fifth  of  its  weight; 
dry  timber  for  joinery  should  have  lost  one-third;  these  propor- 
tions must  vary  considerably  in  practice. 

207.  The  natural  method  of  seasoning  is  the  best,  the  product 
having  its  maximum  strength  and  durability,  but  the  time  it 
takes  is  a  serious  disadvantage;  hence  quicker  modes  of  season- 
ing have  been  devised.  The  principal  of  these  are— water- 
seasoning,  steaming,  boiling,  immersion  in  a  dunghill,  and 
desiccation  by  a  current  of  hot  air.  Water-seasoning :  the 
timber  is  completely  immersed  in  water  (running  if  possible) 
as  soon  as  cut,  care  being  taken  that  it  is  sunk  below  the 
surface;  after  soaking  a  fortnight,  it  is  gradually  dried  as  in 
natural  seasoning;  it  is  fit  for  carpenter's  work  in  six  months. 
This  process  removes  more  matter  than  natural  seasoning,  it  is 
very  suitable  to  timber  cut  with  the  sap ;  the  product  is  weaker 
than  that  obtained  by  natural  seasoning,  but  the  sap-wood  is 
probably  more  durable.  Immersion  for  a  fortnight  would  no 
doubt  increase  the  durability  of  unseasoned  telegraph  poles,  by 
rendering  them  better  able  to  resist  the  effects  of  exposure,  than 
they  would  be  if  squared  and  erected  at  once ;  and  by  hastening 
the  seasoning,  render  it  practicable  to  apply  a  surface  protector 
at  an  earlier  date  after  erection.  Water-seasoning  is  very  gene- 
rally applied  to  endogenous  wood,  particularly  bamboos;  these 
in  Bengal  are  immersed  for  a  fortnight  or  three  weeks  after 
felling.  They  are  usually  felled  in  October  or  November. 
Boiling  and  steaming  for  a  few  hours  reduces  the  liability  to 
shrink,  but  impairs  the  elasticity  and  strength;  boiled  or  steamed 
wood  shrinks  less  than  timber  naturally  dried.  The  boiling  is 
continued  one  hour  for  each  inch  of  thickness,  but  not  exceeding 
four  hours.  This  mode  of  seasoning  is  useful  for  wood  required 
to  be  prepared  quickly  for  joiner's  work,  for  which  purpose  wood 
so  prepared  stands  better  than  when  naturally  seasoned.  Boiling 
and  steaming  are  also  used  in  bending  timber.  Immersion  in  a 
dunghill  is  a  slow  steaming;  it  is  said  to  give  good  results,  but  is 
of  very  limited  application,  as  the  quantity  of  timber  which  can 
be  seasoned  at  one  time  is  necessarily  small.  The  strength  of 
Babul  is  said  to  be  increased  by  boiling,  this  is  explained  by  Dr. 
Paton  by  the  wood  being  saturated  with  tannin.  The  wood  is 
boiled  with  the  bark  on  as  soon  as  possible  after  felling,  after 
boiling  it  should  be  carefully  dried.  Desiccation  by  a  current  of 
hot  air  has  been  applied  to  the  seasoning  of  timber,  it  is  the  most 
successful  method  of  artificial  seasoning.  Shrinking  and  warping 
are  lessened  by  painting  and  varnishing,  but  wood  is  always  liable 
to  swell  and  shrink  under  extremes  of  moisture  and  dryness  re- 
spectively; thus,  in  India  woodwork  swells  in  the  wet  season  and 
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shrinks  in  the  hot  weather;  this  occurs  more  or  less  however  old 
and  dry  the  wood  may  he.  A  hoard  cut  radially  from  the  tree 
warps  less  than  one  cut  in  any  other  direction;  other  boards 
become  convex  towards  the  centre  of  the  tree,  hence  in  joining 
planks,  &c,  sideways,  they  should  be  so  arranged  that  the 
tendency  of  each  to  become  convex  on  one  side  of  the  work 
may  be  neutralised  by  the  tendency  of  others  to  become  concave 
on  the  same  side,  and  vice  versd,  the  work  will  then  remain  flat. 

208.  Timber,  under  favourable  circumstances,  has  very  great 
durability.  There  are  specimens  of  carpentry  in  roofs,  still  in 
good  preservation,  one  thousand  years  old,  and  thei'e  are  numerous 
examples  five  hundred  years  old.  Exposure  to  the  sun,  wind, 
and  alternations  of  moisture  and  dryness,  causes  timber  to  assume 
a  bluish-gray  colour,  to  lose  elasticity,  and  to  crack  and  open  into 
numerous  fissures  longitudinally,  exposing  successively  greater 
surface  to  the  atmosphere  and  more  openings  for  the  lodgment  of 
moisture.  In  the  case  of  telegraph  poles  in  a  tropical  climate 
the  atmospheric  conditions  are  very  trying  to  the  timber.  That 
this  deterioration  is  due  to  exposure  is  proved  by  the  fact  that  it 
does  not  go  on  under  ground.  Posts  badly  decayed  above  ground, 
and  considerably  reduced  in  girth  thereby,  are  frequently  found 
perfectly  preserved  under  ground.  To  preserve  timber  against 
this  influence  of  exposure  is  the  object  of  surface  protection,  as 
tarring,  painting,  &c.  The  timber  having  been  well  dried,  the 
surface  may  be  protected  by  one  of  the  following  preparations : — 
1.  Oil  paint;  2.  hot  oil  (linseed,  gurjon,  &c);  3.  a  mixture  of 
equal  parts  of  oil  (mustard  or  linseed)  and  coal  tar,  used  hot;  4. 
the  wood  may  be  charred  on  the  surface,  and  then  hot  oil  or  a 
mixture  of  oil  and  tar  applied.  This  is  very  efficient,  and  is 
used  for  timber  to  be  inserted  in  the  earth.  The  wood  should  be 
charred  to  rather  less  than  an  inch  deep,  being  protected  from 
the  outer  air  during  the  process;  the  oil  or  tar  should  be  applied 
immediately;  the  protection  should  be  extended  to  6  inches  or  1 
foot  above  the  earth  line,  as  at  this  part  and  just  above  it  posts 
often  decay  more  rapidly  than  elsewhere.  5.  Dipping  entirely 
in  boiling  creosote,  or  only  t©  6  inches  above  the  ground;  this  is 
successfully  applied  to  hop  poles  in  Kent.  6.  Earth  oil,  this\  is 
used  where  cheap — viz.,  in  Burmah  and  some  parts  of  Lower 
Bengal.  In  painting  wood  to  be  exposed  to  the  weather,  several 
coats  of  linseed  oil  should  be  put  on  first  and  allowed  to  soak 
in ;  the  durability  of  tarring  and  painting  may  also  be  greatly 
increased  by  sanding  the  surface  while  wet.  As  resins  are  not 
more  durable  than  woody  fibre,  a  surface  protector  requires 
periodical  renewal  on  exposed  surfaces.  Wood  alternately  at 
short  intervals  wet  and  dry,  is  destroyed  by  wet  rot;  surface 
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protection  protects  timber  against  this  source  of  decay.  Wood 
placed  jn  confined  and  unventilated  situations,  without  excessive 
moisture  being  present,  decays  by  dry  rot ;  this  is  accompanied 
by  the  growth  of  a  fungus,  and  timber  so  attacked  is  ultimately 
reduced  to  powder.  Dry  rot  is  not  prevented  by  surface  protec- 
tion ;  in  the  case  of  imperfectly  seasoned  wood  surface  protection 
favours  it.  Wood  is  also  liable  to  destruction  by  insects,  the 
most  destructive  in  India  being  the  white  ant  and  the  goon;  and 
there  are  several  kinds  of  worm  which -destroy  timber  placed 
under  water.  Some  kinds  of  timber  are  more  liable  to  the 
attacks  of  insects  than  others;  in  some  the  sap-wood  only  is 
attacked.  Teak,  saul,  arid  iron-wood  are  not  attacked  by  white 
ants;  these  woods  require  no  protection.  According  to  Major 
Sankey's  experiments,  to  these  must  be  added  arjoon  and  eyne  ; 
and  bejar  sar  and  seesum  are  only  attacked  in-  the  sapTwood. 
The  foot  of  a  mast  is  best  protected  from  the  attacks  of  insects 
by  a  sheathing  of  sheet  zinc,  put  on  with  zinc-coated  nails,  and 
continued  to  two  feet  above  ground.  If  the  mast  be  tarred,  the 
zinc  is  soon  corroded  through  by  the  acid  of  the  tar;  in  this  case 
Muntz  metal  or  copper  should  be  used.  To  protect  wood  from  dry 
rot  and  the  attacks  of  insects,  it  is  injected — 1.  With  poisonous 
metallic  salts,  forming  insoluble  compounds  with  the  constituents 
of  the  timber ;  or,  2.  Firstly  with  one  salt,  and  secondly  with 
another,  that  by  chemical  reaction  an  insoluble  salt  may  be 
deposited  in  the  timber ;  or,  3.  With  an  antiseptic,  which  at  once 
keeps  away  insects  and  preserves  the  timber.  Of  the  metallic 
salts,  the  sulphates  of  iron  and  copper,  bichloride  of  mercury, 
and  chloride  of  zinc  have  been  successfully  applied ;  but  these 
salts  are  gradually  removed  by  the  continued  action  of  water.  In- 
jection with  sulphate  of  copper  is  applied  to  telegraph  poles  in 
France  by  Dr.  Boucherie,  and  it  increases  greatly  their  dura- 
bility; small  objects,  as  cords,  &c,  are  prepared  by  mere  soaking. 
Wood  in  large  pieces,  some  time  after  felling,  is  placed  in  a  closed 
vessel,  subjected  firstly  to  a  current  of  steam ;  the  vessel  is  then 
exhausted,  and  the  solution  allowed  to  enter  and  penetrate  the 
wood.  The  method  proposed  by  the  inventor  and  most  generally 
applied  in  France  is,  to  inject  the  wood  as  soon  as  possible  after 
felling.  A  cap  is  fitted  to  one  end  of  the  log,  this  end  is  placed 
3  feet  higher  than  the  other  end,  the  solution  is  admitted  to  the 
cap  by  a  tube,  and  the  pressure  is  obtained  by  raising  the  vessel 
containing  the  solution  on  a  scaffold  23  to  26  feet  high ;  the  sap 
is  driven  out,  and  the  solution  takes  its  place.  The  best  strength 
for  the  solution  is  1  part  by  weight  of  the  salt  to  100  parts  of 
water,  and  -33  lb.  of  the  solid  salt  is  sufficient  per  cubic  foot. 
The  advantages  of  this  process  are  its  cheapness  and  simplicity ; 
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the  trees  may  be  injected  where  felled ;  three  days  is  the  average 
time  required  to  inject  a  25  feet  pole.  The  most  successful  pro- 
cess is  Bethell's,  in  which  the  timber  is  saturated  with  creosote. 
The  wood  is  enclosed  in  hermetically  closed  vessels,  and  the 
creosote  is  injected  as  described  above  in  the  case  of  sulphate  of 
copper.  The  pressure  used  ranges  from  5  to  10  atmospheres — 
the  nearer  the  latter  figure  the  better.  The  inventor  considered 
7  lbs.  of  creosote  per  cubic  foot  sufficient,  but  this  depends  on 
the  kinds  of  wood  to  be  injected;  for  marine  work  10  lbs.  is 
considered  sufficient,  and  12  lbs.  has  been  required  by  some 
engineers ;  in  hard  woods  it  is  sometimes  difficult  to  inject  more 
than  2  or  3  lbs.  This  process  is  esteemed  most  highly  of  all  pro- 
cesses for  preserving  wood,  which  it  protects  against  white  ants, 
dry  rot,  and  marine  worms.  Telegraph  poles,  properly  injected, 
have  been  found  well  preserved  after  standing  ten  to  fifteen 
years  in  temperate  climates.  The  process  has  not  been  fairly  tried 
in  tropical  climates  on  telegraph  poles ;  it  has  been  applied  to 
railway  sleepers  and  marine  work,  but  the  cases  are  not  similar. 
It  is  not  known  how  long  the  oil  would  be  retained  under  tropical 
heat  and  rains.  Injection  is  of  little  use  unless  thoroughly  done, 
whatever  liquid  is  employed ;  posts  prepared  with  sulphate  of 
copper  sometimes  decay  almost  as  rapidly  as  unprepared  wood, 
having  been  imperfectly  prepared,  and  failure  from  the  same 
cause  is  experienced  in  using  Bethell's  process.  Injection  with 
creosote  is  coming  into  more  general  use  for  telegraph  poles ;  it 
has  not  the  simplicity  of  the  Boucherie  process,  and  can  only 
be  employed  where  transport  is  cheap.  A  modification  of  the 
Boucherie  process  is  employed  in  Norway;  holes  are  bored  in  the 
sap-wood  of  standing  poles  and  filled  with  solution  or  powdered 
sulphate,  and  stopped.  Iron  in  contact  with  timber  generally 
rusts  rapidly  and  injures  the  wood ;  this  is  particularly  the  case 
with  oak,  and  probably  least  so  with  teak.  Iron  fastenings 
should  be  protected  by  galvanising,  by  dipping  the  iron  pre- 
viously heated  to  the  temperature  of  melting  lead  into  boiling 
■coal  tar  or  cold  linseed  oil,  or  the  iron  may  be  painted  with  oil 
paint,  renewed  from  time  to  time.  Galvanised  iron  is  sometimes 
attacked  when  used  with  oak.  Galvanised  fittings  to  telegraph 
posts,  when  loose,  are  occasionally  tightened  by  the  insertion  of 
pieces  of  ungalvanised  iron  between  the  timber  and  fitting  ;  this 
is  objectionable,  as  the  iron  inserted  rusts,  injures  the  timber, 
and  the  fittings  become  looser  than  before ;  wedges  of  hard  wood 
should  be  preferred.  The  conditions  most  favourable  to  the  pre- 
servation of  timber  are  good  seasoning,  free  circulation  of  air,  and 
protection  from  extremes  and  alternations  of  temperature,  and 
moisture  and  dryness,  as  met  with  in  the  weather  of  tropical  cli- 
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mates.  Timber  is  destroyed  by  contact  with  slaked  lime;  it  should 
not,  therefore,  be  placed  without  protection  in  concrete  or  mortar. 
Lime,when  dry,  is  not  prejudicial;  it  protects  the  woodfrom  worms. 
209.  Timber  should  be  selected  with  reference  to  the  purpose 
for  which  it  is  required  ;  an  inferior  timber  may  be  sufficiently 
durable  where  there  is  no  exposure  to  the  weather.  Timber  kept 
constantly  wet  is  softened  and  weakened,  but  does  not  necessarily 
decay;  certain  woods  are  very  durable  underwater,  notably  elm, 
beech,  and  seemul.  When  to  be  freely  exposed  to  the  severe 
atmospheric  influences  of  the  tropics,  or  to  alternations  of  wet 
and  dryness,  only  the  njost  durable  kinds  of  timber  should  be 
selected,  and  these  should  be  guarded  by  proper  precautions. 
For  purposes  of  shipbuilding,  the  committee  of  Lloyds  estimated 
the  durability  of  several  kinds  of  timber;  this  varied  from  twelve 
years  for  teak,  British  oak,  saul,  &c,  to  four  years  in  the  case 
of  hemlock  pine  (North  American).  In  France  whole  lines  of 
injected  fir  poles  are  found  in  a  good  state  of  preservation  fifteen 
or  sixteen  years  after  erection;  but  if  not  properly  injected,  they 
/decay  in  five  or  six  years ;  unprepared  wood  has  a  durability 
inferior  to  this.  In  America  the  poles  are  tarred  at  the  base  to 
1  foot  above  ground.  Their  durability  is — for  cedar,  fifteen  to 
twenty  years;  chesnut,  ten  to  fifteen;  and  oak,  eight  to  ten. 
Good  surface  protection  would  increase  this  durability  consider- 
ably. In  India,  the  posts  being  charred  and  tarred  at  the  base, 
if  of  iron-wood,  or  teak,  last  fifteen  to  twenty  years ;  but  if  this 
wood  be  young,  it  is  unserviceable  after  five  or  six  years.  Pine 
in  large  logs,  as  lower  masts  at  river  crossings,  are  tarred  all  over 
and  charred  at  the  base;  they  remain  serviceable  for  five  years. 
They  are  then  decayed  at  the  head,  and  the  cross-trees  and  cap 
become  dangerously  loose ;  the  buried  portion  remains  quite 
sound  if  protected  from  insects  by  being  placed  below  flood 
level.  The  durability  of  such  masts  might  be  increased  by  im- 
proved surface  protection,  regularly  renewed,  and  by  a  portion  of 
the  top  end  of  the  spar  being  rejected,  so  as  to  ensure  the  top  of 
the  mast  being  of  durable  wood ;  the  thinning  of  the  head  of  the 
mast  is  also  prejudicial  to  durability.  Kandeb  spars,  50  to  60 
feet  long,  charred  at  the  base  only,  are  very  durable,  being  found 
perfectly  preserved  after  eight  years'  exposure  in  India. 

210.  "Woods  having  the  fibres  straightest,  least  interwoven 
with  the  medullary  rays  and  interrupted  by  knots,  are  most 
elastic,  suffer  least  by  warping,  and  split  most  economically ; 
those  in  which  the  fibres  are  crossed  and  interlaced  are  tougher 
and  stiffer ;  lignum  vitse  owes  its  resistance  to  splitting  to  the 
latter  cause.  Most  woods  split  more  economically  from  the 
small  end  than  from  the  butt  of  the  tree.  The  tenacity  of 
timber  with  the  grain  depends  on  that  of  the  woody  fibres,  the 
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tenacity  across  the  grain  depends  chiefly  on  lateral  adhesion 
between  the  fibres  ;  the  tenacity  with  the  fibres  is  generally 
greatest  in  timber  having  straight  and  distinctly  marked  grain, 
it  is  diminished  by  continued  saturation  -with  water,  and  by 
steaming  and  boiling.  The  tenacity  across  the  grain  is  always 
much  less  than  with  the  grain,  it  is  diminished  by  wetting  the 
timber ;  in  pine  wood  this  tenacity  is  very  small  as  compared 
with  that  of  leaf  wood.  The  proportionate  tenacities  with  and 
across  the  grain,  ascertained  by  experiment  is,  in  pine  wood 
1  :  20  to  1  :  10 ;  in  leaf  wood  1:6  to  1:4  and  upwards. 
The  resistance  to  shearing  with  the  grain — i.e.,  by  sliding  of  the 
fibres  on  each  other — is  the  same,  or  nearly  the  same,  as  the 
tenacity  across  the  grain.  The  resistance  to  shearing  across 
the  grain  of  English  oak  treenails  has  been  found  by  Mr. 
Parsons  to  be  4000  lbs.  per  square  inch  of  section,  the  planks 
connected  having  a  thickness  equal  to  at  least  three  times  the 
diameter  of  the  treenail.  Resistance  to  crushing  along  the  grain 
is  nearly  twice  as  great  for  dry  as  for  green  timber  of  the  same 
kind  ;  in  dry  timber  this  resistance  is  generally  from  one-half 
to  two-thirds  the  tenacity.  Timber  is  more  compressible  and 
weaker  across  than  with  the  grain.  Many  kinds  of  wood  may 
be  compressed  to  two-thirds  or  three-fourths  their  original 
volume,  the  compression  being  applied  on  all  sides  and  across 
the  fibres ;  this  is  done  in  driving  treenails — they  are  driven 
into  the  work  through  an  iron  ring  which  compresses  them. 
The  resistance  to  cross-breaking  (as  in  beams)  is  generally  a  little 
less  than  the  tenacity.  The  following  table  contains  the  most 
important  data  for  several  woods  in  common  use  (Rankine) — 


R.  to  Crushing. 

Tenacity. 

M.  of  Elasticity. 

Ash, 

Bamboo, .... 
Beech,     .... 

Elm, 

.    Fir,  Eed  Pine, .     . 
„    Larch,   .     .     . 

Oak,  European,     . 

„     American,     . 
Teak,  Indian,  .     . 

9,000 

9,360- 

10,300 

/  5,375  to 
\  6,200 

5,570 

10,000 

6,000 
12,000 

17,000 

6,300 

11,500 

14,000 

(12,000  to 
\  14,000 
/    9,000  to 
\  10,000 
J  10,000  to 
|  19,800  - 

10,250 

15,000 

1,600,000 

1,350,000 
/    700,000  to 
\  1,340,000 
/ 1,460,000  to 
\  1,900,000 
/    900,000  to 
1 1,360,000 
|l,200,000to 
\  1,750,000 
2,150,000 
2,400,000 
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666  to     777 

500  to     666 

333  to     540 

394  to     530 

277  to     556 

555  to     755 

588 

900  to  1,150 

666  to  1,055 

The  constants  of  transverse    strength  (Paragraph  144)  are  as 
follows,  in  pounds — 

Ash, 

Beech, 

Elm, 

Fir,  Red  Pine, 
„    Larch, 

Oak,  European, 
„     American, 

Saul, 

Teak,  Indian, 

211.  The  factor  of  safety  in  various  actual  structures  in  carpentry 
varies  from  4  to  14,  and  is  on  an  average  4  to  5  for  a  dead  load, 
and  8  to  10  for  a  live  load.  In  practice  the  load  on  timber  is  limited 
to  1000  lbs.  on  the  square  inch.  From  the  above  data  the  resilience 
may  be  calculated  by  the  formula  given  in  Paragraph  57; 

212.  Timbers  are  joined  together  by  means  of  joints  and  fasten- 
ings of  different  kinds,  chosen  with  regard  to  the  relative 
positions  of  the  pieces  and  the  direction  of  the  forces  acting 
between  them  at  the  joint.  Fastenings  are  classed  according  to 
the  stress  to  which  they  are  exposed — 

1.  Those  exposed  principally  to  shearing  and  bending,  as 
wooden  and  metallic  pins,  including  treenails,  nails,  screws,  and 
bolts. 

2.  Those  exposed  principally  to  tension — viz.,  straps  and  tie 
bars;  a  band  of  wire  used  to  bind  timbers  together  forms  a 
strap.     Iron  stirrups  are  included  in  this  class. 

3.  Sockets. 

Nails  are  made  of  wrought  iron,  cast  iron,  and  malleable  iron 
by  hand  and  by  machinery ;  hand-made  nails  are  stronger  than 
machine-made.  A  nail  driven  across  the  grain  holds  twice  as 
firmly  as  one  driven  with  the  grain.  Mr.  Bevan's  experiments 
shew  that  the  force  required  to  draw  a  nail  from  a  given  kind  of 
timber  varies  nearly  as  the  cube  of  the  square  root  of  the  depth 
to  which  driven,  and  that  it  increases  with  the  diameter,  the 
law  of  increase  not  having  been  expressed.  The  force  required 
to  draw  nails  differs  with  the  kind  of  timber ;  the  results  of  Mr. 
Bevan's  experiments  on  the  force  required  to  draw  a  sixpenny 
nail,  seventy-three  to  the  pound,  driven  one  inch  into  different 
kinds  of  wood,  were  as  follows — 

Across  the  Grain. 

Deal,  ....  187  lbs. 

Oak,  .        .        .        .  507  „ 

Elm,  .        .        .        .  327   „ 

Beech,  .        .        .         .  667  „ 


With  the  Graia 

87  lbs. 
257  „ 
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The  forces  required  to  draw  asunder  a  pair  of  planks  joined  by 
two  nails,  of  seventy-three  to  the  pound,  were — 

Deal,  |  inch  thick,         ....       712  lbs. 
Oak,   1     „  ....    1,009   „ 

Ash,    1     „        „  ....    1,420   „ 

The  nails  for  fastening  planks  to  beams  are  usually  from  two  to 
two  and  a  half  times  the  thickness  of  the  planks.  A  hole  should 
be  bored  to  receive  a  nail  to  prevent  the  wood  being  split.  The 
holding  power  of  screw  nails,  or  wood  screws,  is  probably  nearly 
proportional  to  the  product  of  the  diameter  of  the  screw,  and  of 
the  depth  to  which  it  is  screwed  into  the  wood ;  it  is  roughly  three 
times  the  holding  force  of  a  nail.  In  screwing  two  pieces  of 
wood  together  the  screw  should  be  free  in  the  upper  piece. 
Screws  are  made  in  sizes  from  half-an-inch  to  six  inches  in 
length;  there  are  from  twelve  to  thirty  different  numbers  in 
each  size,  representing  different  thickness.  The  threads  of 
bolts  are  usually  made  to  a  standard  gauge,  called  Whitworth's 
gauge ;  the  proportions  are  nearly  as  follows  :  depth  of  thread 
one-tenth,  and  pitch  one-fifth,  of  internal  diameter.  Bolts  are 
named  by  the  shape  of  the  head  and  neck,  as  cheese  round  neck, 
hexagon  round  neck,  &c.  Bolts  are  usually  secured  by  nuts; 
when  they  have  to  be  often  removed  they  may  be  secured  by  a 
key  or  wedge  driven  into  an  oblong  hole  in  one  of  their  ends. 
Square  bolts  should  be  preferred,  but  cylindrical  are  the  com- 
moner, round  holes  being  easier  to  cut.  Timber  should  be  pro- 
tected by  washers  against  the  crushing  action  of  bolt  heads,  nuts, 
and  keys;  it  is  evident  the  wood  will  be  crushed  before  the 
bolt  is  strained  to  its  breaking  strain,  unless  the  area  of  each 
washer  bears  at  least  the  same  proportion  to  the  sectional  area 
of  the  bolt  as  the  tenacity  of  the  bolt  bears  to  the  resistance  of 
the  timber  to  crushing.  This  proportion  is  12  for  fir,  6 J  for  oak, 
and  5£  for  teak,  these  proportions  being  the  lowest  admissible  in 
practice.  When  a  bolt  is  placed  obliquely  to  the  direction  of  the 
timber,  the  timber  may  either  be  notched,  so  as  to  present  a 
surface  for  the  washer  perpendicular  to  the  bolt,  or  a  bevelled 
cast-iron  washer  may  be  applied  one  of  whose  surfaces  fits  a 
notch  made  in  the  wood  while  the  other  surface  is  perpendicular 
to  the  axis  of  the  bolt ;  the  latter  should  be  preferred  generally, 
and  a  notch  should  never  be  cut  on  the  stretched  side  of  a  beam. 
In  driving  wedges  and  joggles  care  should  be  taken  to  draw  the 
joint  well  together  without  straining  it ;  these  are  sometimes 
driven  too  tightly,  by  which  the  joint  is  weakened.  Of  European 
woods,  elm  is  considered,  on  account  of  its  toughness,  to  bear  the 
driving  of  bolts  and  nails  the  best.     Straps  are  used  almost  in 
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the  same  manner  as  bolts ;  they  have  the  advantage  over  bolts 
of  not  requiring  so  much  wood  to  be  cut  away ;  their  breadth 
ranges  usually  from  four  to  eight  times  their  thickness.  When 
practicable,  straps  to  entirely  surround  timber  may  be  made 
continuous,  and  driven  on  from  one  end  ;  when  not  continuous, 
they  may  be  bolted  on  by  eyes  or  holes  in  the  ends  of  the  strap, 
in  which  case  the  strap  should  be  widened  or  thickened  at  the 
eye,  to  give  it  the  same  strength  there  as  elsewhere.  A  strap  may 
have  screws  cut  on  its  ends,  a  cross  piece  being  placed  over  these 
and  fastened  with  nuts.  A  band  of  wire  (Nos.  8  to  12)  forms 
an  excellent  strap  fo»  some  purposes,  but  the  wire  should  be 
payed  on  with  a  mallet  or  lever,  and  hammered  close  as  put  on ; 
or  it  may  be  keyed  tight  with  wedges.  A  stirrup  is  a  kind  of  strap 
of  the  shape  its  name  indicates ;  it  is  commonly  welded  into  one 
piece  with  a  suspending  rod  or  stay.  Sockets  are  made  to  fit  the 
ends  of  pieces  of  timber;  they  should  be  of  cast  iron  when  they 
have  to  bear  thrust  only,  of  stout  wrought-iron  plates  when  they 
have  to  resist  tension. 

213.  Timbers  are  said  to  be  joined  sideways,  perpendicularly, 
endways,  or  obliquely,  according  to  the  direction  of  the  fibres  of 
the  two  pieces  joined  relative  to  each  other.  In  jointing  and  fas- 
tening timbers,  the  following  principles  should  be  adhered  to : — 

1.  Weaken  the  timbers  joined  as  little  as  possible ; 

2.  Place  the  abutting  surfaces  of  the  joint  perpendicular  to  the 
pressure  to  be  transmitted; 

3.  Proportion  the  areas  of  abutting  surfaces  to  the  pressure  to 
be  transmitted  that  the  timber  may  be  safe  against  injury;  and 

4.  Fit  each  pair  of  such  surfaces  accurately,  in  order  to  distri- 
bute the  stress  as  much  and  as  uniformly  as  possible. 

5.  So  pi-oportion  fastenings  as  to  make  them  equal  in  strength 
to  the  timbers  they  connect;  and, 

G.  So  place  them  that  there  shall  be  no  danger  of  them 
crushing  or  shearing  their  way  through  the  timber. 

Joints  are  classed  as  follows : — 1.  Joints  for  lengthening  ties — 
i.e.,  timbers  subjected  to  equal  and  opposite  forces  applied  to 
their  ends  and  acting  from  each  other;  2.  joints  for  lengthening 
struts — i.e.,  timbers  subjected  to  equal  and  opposite  forces  applied 
to  their  ends  and  acting  towards  each  other;  3.  joints  for  length- 
ening beams;  4.  joints  for  supporting  beams  on  beams;  5.  joints 
for  supporting  beams  on  posts;  6.  joints  for  connecting  struts 
and  ties. 

214.  Lengthening  ties  or  timbers  sxibjected  to  tension  in  the 
direction  of  their  length,  is  performed  by  fishing  or  scarfing.  In 
a  fished  joint  the  two  pieces  of  timber  abut  end  to  end,  and 
plates  of  iron  or  pieces  of  wood  are  bolted  on  to  connect  them; 
in  a  scarf,  the  pieces  of  timber  joined  overlap  each  other  for  some 
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distance.     Fig.  39   represents  a  fished  joint ;  in  this  kind  of 

joint  the  fish  pieces  should 
have  a  total  sectional  area 
equal  to  that  of  the  tiej  but 


-C3- 


-O-jj — i if  of  iron,  allowance  should  be 


-=■ — '  made  for  the  greater  tenacity. 

p«jg  39_  The  fish  pieces  may  have  plane 

surfaces  next  the  tie  (plane 
fished  joint),  or  they  may  be  connected  to  the  parts  of  the  tie  by 
indents,  or  keys,  or  joggles  of  hard  wood,  A  and  B,  as  shewn 
in  the  figure.  The  effective  area  of  the  tie  is  diminished  by  the 
bolt  holes,  and  by  cutting  the  indents  and  key-seats  when  these 
are  used.  Keys  and  indents  should  be  placed  at  a  sufficient 
distance  from  the  ends  of  the  fish-plates  and  parts  of  the  tie,  to 
resist  the  tendency  to  shear  off  layers  of  the  timber,  and  the 
area  of  their  abutting  surfaces  should  be  sufficient  to  resist 
safely  the  greatest  tension  to  be  exerted  along  the  tie.  The 
bolts  should  have  a  joint  sectional  area  at  least  one-fifth  the  area 
of  the  tie  after  cutting  the  bolt  holes;  they  should  be  square 
rather  than  round  in  section,  and  should  be  so  distributed  and 
placed  at  such  distances  from  the  ends  of  the  two  parts  of  the 
tie,  that  the  joint  area  of  both  sides  of  the  layer  of  fibres  which 
must  be  sheared  out  of  one  piece  of  the  tie  before  the  bolts  can 
be  torn  out,  shall  be  as  much  greater  than  the  effective  area  of 
the  tie  as  the  tenacity  of  the  wood  is  greater  than  its  resistance 
to  shearing.     Fig.  40  is  a  joint  scarfed  and  fished  with  iron 
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Fig.  40.  Fig.  41. 

plates  indented.  Fig.  41  is  a  joint  scarfed  only;  this  joint  holds 
without  bolts  or  straps;  a  key  of  hard  wood,  o,  of  a  depth  one- 
third  that  of  the  tie,  is  driven  in  to  tighten  the  joint  moderately; 
this  joint  without  fish-plates  has  only  one-third  the  strength  of 

the  solid  timber  tie.     Fig. 
_5         \    42  is  a  scarf  joint  with  two 

A  keys;  it  is  superior  to  41 

and  easier  to  make  sound. 
The  proportion  the  length 
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Fig.  42. 


of  a  scarf  should  bear  to  the  depth  of  the  tie  is  given  by  Tred- 
gold ;— For  leaf  wood  without  bolts  6,  with  bolts  3,  with  bolts 
and  indents  2;  these  figures  being  doubled  for  pine  wood.  The 
examples  given  are  the  simplest  of  the  many  ways  of  scarfing; 
these  joints,  however,  are  sufficient  for  purposes  of  telegraph 
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construction,  and  they  are  generally  preferable  to  the  more 
complicated  joints.  Timber  is  seldom  submitted  to  tension  in 
telegraph  structures,  iron  ties  being  almost  invariably  used. 
Lengthening  struts, — as  this  includes  the  case  of  a  pillar  or 
post  as  well  as  oblique  timber,  it  is  of  frequent  occurrence  in 
telegraph  structures.  In  this  case  the  two  pieces  should  abut 
against  each  other  at  a  plane  surface  perpendicular  to  the  direc- 
tion of  the  thrust,  the  joint  may  be  fished  on  all  four  sides  (fig.  39), 
or  the  abutting  ends  may  be  enclosed  in  an  iron  socket.  In  length- 
ening a  topmast  or  other  timber  which  it  is  essential  should  not 
be  much  increased  in  g^rth  by  a  joint,  iron  fish-plates  may  be  used, 
and  these  may  be  let  in  or  inlaid  if  necessary,  or  an  iron  socket 
may  be  driven  on  from  one  end.  In  the  absence  of  fish-plates 
or  bolts  a  spar  may  be  scarfed,  as  in  fig.  40,  wire  bands  being  sub- 
stituted for  the  bolts  and  fish-plates  to  hold  the  joint  together." 

215.  Lengthening  beams. — Beams  maybe  lengthened  byfishing 
or  scarfing,  the  following  conditions  being  fulfilled: — 1.  The  joint 
should  be  placed  where  the  bending  moment  is  small;  2.  at  the 
compressed  side  of  the  beam  the  two  pieces  should  have  a  square 
abutment,  oblique  surfaces  being  avoided ;  3.  the  surfaces  of  the 
scarf  should  be  parallel  to  the  direction  of  the  load.  Telegraph 
masts  are  struts  with  respect  to  their  own  weight,  and  should 
not  therefore  be  joined  by  oblique  surface  joints,  such  as  fig.  41; 
the  bearing  surfaces  of  the  joint  should  be  at  right  angles  to  the 
axis  of  the  mast.  A  beam  may  generally  best  be  supported  on 
another  beam  by  a  shallow  notch  being  cut  on  the  lower  side  of 
the  upper  beam  to  fit  on  the  lower  one,  but  strict  attention 
should  be  paid  to  the  principle  laid  down  in  Paragraph  130.  A 
mortise  and  tenon  joint,  or  a  shouldered  tenon 
joint  is  used  to  connect  beams  when  one  beam 
meets  another  at  right  angles;  the  shouldered 
tenon,  which  is  the  best  joint  in  this  case,  is 
shewn  in  fig.  43.  Post  and  beam  joints. — 
To   support  the   end   of  a  horizontal   beam   at 


the  side  of  a  post,  a  shouldered  tenon  is  used;  jijg_  ^ 

where  it  would  not  weaken  the  work  too  much, 

and  in  small  work  generally,  a  common  mortise  and  tenon  joint 

is  used,  fig.  44;  the  projection  on  the  end  of  the  beam  a  is  called,  the 

tenon,  and  the  cavity  cut  in  the  post  to 

receive  it  the  mortise,    the  timber  from 

which  the   tenon    projects  is   called   the 

shoulder  of  the  tenon.     The  shoulder  of 

the  tenon  and  the  mortise  should  be  cut 

to  exactly  the  same  depth.     The  joint  may 

be  keyed,  or  a  pin  may  be  driven  through  jjjg.  44. 

the  tenon  to  prevent  it  drawing  from  the 
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mortise.  The  tenon  is  usually  cut  to  one-third  of  the  ■wood. 
Instead  of  one  tenon,  two  tenons  and  mortises  are  usually  cut 
in  large  work.  The  mortise  and  tenon  weaken  the  timber  too 
much  to  be  applicable  when  the  beam  or  post  has  to  resist 
a  considerable  load;  it  is  applicable  to  small  or  temporary 
work,  but  more  properly  belongs  to  joinery,  and  its  misuse  in 
carpentry  should  be  avoided:  In  carpentry  the  shouldered 
tenon,  fig.  43,  is  used;  B  is  the  beam,  A  a  section  of  the  post, 
C  is  the  shoulder  of  the  tenon  which  bears  the  load;  it  pene- 
trates the  post  at  C  for  about  one-sixth  of  the  depth  of  the  beam; 
the  depth  of  the  tenon  and  shoulder  is  two-thirds  to  three- 
fourths  that  of  the  beam,  the  width  of  the  tenon  proper  is  about 
one-sixth  that  of  the  beam,  and  its  length  is  double  its  depth;  its 
use  is  to  prevent  the  shoulder  C  shifting  from  its  seat.  The 
tenon  proper  should  be  in  this  case  at  right  angles  to  the  direc- 
tion shewn  in  the  figure — i.e.,  to  the  shoulder  C;  the  figure 
represents  a  joint  between  two  beams.  In  the  case  of  a  beam 
resting  on  the  top  of  a  post  or  of  a  post  standing  on  a  beam,  a 

small   tenon   on   the   post   may  be 

fitted  into  a  mortise  in  the  beam, 
or  either  of  the  joints  A,  E,  fig.  45, 
may  be  used ;  the  post  is  let  into  a 
notch  cut  in  the  beam,  the  notch  is 
divided  into  two  parts  by  a  bridle 
(shewn  by  the  dotted  lines  FG,  CD)  about  one-fifth  the  width  of 
the  beam,  this  bridle  fits  into  a  groove  of  the  same  shape  and 
size  cut  in  the  top  or  bottom  (as  the  case  may  be)  of  the  post. 

216.  A  STRUT  MEETING  A  POST,  BEAM,    OR  TIE  OBLIQUELY, —the 

timbers  are  joined  by  bridle  and  groove, 
as  in  the  case  of  post  and  beam  described 
above,  or  by  a  mortise  and  tenon.  In 
fig.  46  the  strut  A  is  notched  into  the 
tie  B ;  the  notch  has  one  plane  surface, 
CD,  bisecting  the  obtuse  angle,  and  the 
other  plane-  surface  bisecting  the  acute 
angle  the  timbers  make  with  each  other ;  a  tenon  F  one-fifth  the 
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Fig.  45 


Fig.  46. 


Fi?.  47.  Fig.  48. 

breadth  of  the  strut  is  shewn  by  the  dotted  lines. 


In  fig.  47  the 
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notch  is  cut.  with  one  surface,  CD,  perpendicular  to  the  direction 
of  the  strut,  a  bridle  being  left  on  the  tie  or  beam,  and  a  groove 
cut  in  the  strut  to  receive  it;  the  bridle,  CDF,  is  one- fifth  the  depth 
of  the  tie.  A  stirrup  may  be  applied,  as  in  fig.  48,  or  bolts  may 
be  used  placed  obliquely  to  the  tie,  post,  or  beam.  This  case  is  common 
in  telegraph  construction,  and  much  unnecessary  objection  has 
been  made  to  cutting  the  post,  or  making  bolt  holes  through  it ; 
as  the  surfaces  of  the  joint  are  oblique  to  the  axis  of  the  post  there 
is  some  loss  of  strength,  but  it  should  be  remarked,  that  the  notch 
is  cut  on  the  compressed  side,  and  that  with  a  stirrup  the  bolt 
hole  passes  through  the^neutral  axis  of  the  section ;  but  in  tele- 
graph work  the  joint  often  occurs  where  the  bending  moment 
is  greatest. 

217.  The  application  of  the  preceding  priuciples  to  telegraph 
construction  will  be  generally  evident.  A  line  constructed  for  a 
temporary  purpose  may  from  necessity  be  placed  on  inferior  kinds 
of  wood,  young,  green,  and  felled  at  an  improper  season ;  but  even 
in  this  case  it  is  apparent,  by  adopting  certain  precautions,  the 
durability  of  such  timber  may  be  increased,  and  these  precautions 
become  of  greater  importance  when  there  is  the  possibility  of  the 
line  being  required  to  stand  longer  than  could  be  anticipated  at 
the  time  of  its  erection.  The  conditions  to  which  telegraph  poles 
are  exposed  in  tropical  countries  are  very  destructive  to  timber, 
as  already  stated  ;  alternations  of  fierce  heat,  high  winds,  abun- 
dant rain  and  dew,  render  it  necessary  to  adopt  every  possible 
precaxition  to  protect  the  wood.  Hard  woods  needing  little  or  no 
protection  from  insects  should  be  protected  by  a  good  surface 
protector,  renewed  as  requisite ;  tar  unmixed  with  oil  is  too  thick, 
and  does  not  penetrate  the  wood ;  if  tar  be  used  it  should  be  mixed 
with  oil,  and  used  hot.  Coniferous  wood,  or  other  wood  liable  to 
be  attacked  by  insects  and  to  split  from  exposure,  should  not  only 
be  well  painted  with  a  surface  protector,  renewed  from  time  to 
time,  but  this  wood  should  be  also  injected  or  saturated  super- 
ficially with  creosote;  if  merely  applied  to  the  surface,  the  creosote 
should  be  applied  hot.  All  timber  should,  as  far  as  possible,  be 
seasoned  ;  and  surface  protection  should  not  be  applied  to  green 
wood.  Posts  erected  green  should  stand  at  least  one  year  before 
a  surface  protector  is  applied,  and  this  should  then  be  applied 
during  hot  dry  weather.  Unseasoned  wood  is  much  improved  by 
a  fortnight's  soaking  (first  stage  of  water-seasoning),  and  this 
should  be  applied  whenever  practicable  in  the  absence  of  the= 
means  of  seasoning  the  wood  more  perfectly.  For  a  hardwood 
line  great  care  should  be  exercised  in  choosing  mature  wood, 
young  trees  of  all  kinds  are  to  be  avoided  as  being  very 
perishable.     The  extra  durability  of  the  butt  of  the  tree  shouM 


138  PROPERTIES  AND   APPLICATIONS   OF   MATERIALS. 

be  kept  in  view,  and  in  sawn  timber  posts,  the  butt-end  should 
be  marked  by  the  sawyer  that  it  may  be  put  in  the  grpund. 
Where  admissible,  bolts  and  straps  should  be  preferred  to  wood- 
screws  and  nails ;  in  jointing  frames,  as  in  trussed  posts,  <fec,  iron 
sockets,  stirrups,  and  fish-plates  should  be  used ;  and  ties  should, 
as  a  rule,  be  of  iron  wire  or  rod.  In  making  joints  the  models 
given  should  be  applied,  and  the  principles  stated  should  be  kept 
in  view  in  applying  them.  A  telegraph  pole  may  be  considered 
as  a  post  or  strut  subjected  to  vertical  pressure,  and  as  a  beam 
when  subjected  to  pressure  acting  obliquely;  the  poles  in  a  straight 
line  are  normally  struts,  those  at  angles  are  normally  beams  and 
struts.  When  poles  break  it  is  due  generally  to  transverse  strain, 
and  the  post  may  be  considered  as  a  beam  fixed  at  one  end ;  but 
posts  loaded  much  vertically,  as  when  lengthened  considerably,  or 
when  supporting  long  spans  or  many  wires,  must  be  considered 
also  as  struts.  Timber  in  which  the  length  exceeds  100  times  the 
diameter  bends  by  its  own  weight. 

Division  II. — Masts. 

218.  Masts  may  be  classed  as  standing  and  compound ;  the 
former  are  in  one  piece  fixed  in  or  on  the  ground,  the  latter  con- 
sist each  of  a  standing  mast  supporting  one  or  more  running 
masts  to  give  increased  height.  Both  running  and  standing 
masts  may  be  either  made  from  a  single  tree  or  built  of  several 
pieces  of  wood. 

219.  The  wood  commonly  used  for  ships'  masts  is  pine ;  for 
telegraph  masts  light  elastic  wood  should  generally  be  preferred, 
but  these  qualities  are  not  so  essential  as  in  wood  for  ships'  masts. 
Timber  should  as  a  rule  be  obtained  locally — i.e.,  as  near  as  possible 
to  the  site  of  the  proposed  crossing,  inquiry  being  instituted  for 
any  timber  likely  to  suit  the  purpose ;  in  no  case  should  foreign 
timber  be  imported  until  indigenous  timber  has  been  well  sought 
after.  Having  found  timber  of  suitable  quality  and  proportions, 
a  slice  should  be  cut  off  each  end  to  examine  the  soundness  and 
the  quantity  of  heart-wood ;  it  should  also  be  examined  for  faults 
by  bending  (Paragraph  203). 

220.  If  the  wood  be  purchased  in  the  market  it  will  probably 
be  shaped,  its  section  being  an  octagon ;  if  the  log  be  obtained 
from  the  forest  it  may  be  shaped,  or  if  regular  in  shape  it  may  be 
used  round.  The  advantages  of  using  the  log  round  are  saving 
of  labour  and  greater  strength ;  the  disadvantages  are  the  difficulty 
of  preventing  splitting  in  drying,  and  rapid  decay  of  the  sap-wood 
may  endanger  the  safety  of  the  mast  by  the  loosening  of  fastenings. 
If  the  log  is  to  be  seasoned  slowly  it  is  probably  better  to  shape  it; 
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if  the  sap-wood  can  lie  injected,  or  water-seasoning  is  to  be  applied, 
it  is  probably  better  to  use  the  log  round.  No  difficulty  need  be 
experienced  in  injecting  with  sulphate  of  copper  on  the  spot ;  a 
simple  apparatus  may  be  devised  for  the  purpose,  and  prepared 
beforehand.  If  the  tree  is  to  be  used  round  it  should  be  injected 
or  soaked,  and  then  barked  and  smoothed  with  the  plane,  being 
suffered  to  dry  as  slowly  as  circumstances  will  permit,  and 
sheltered  from  exposure  to  sun  and  wind  as  long  as  possible.  If 
to  be  shaped  the  log  should  be  placed  on  blocks  or  thawts ;  ii 
crooked,  the  concave  side  should  be  squared  first,  the  sides  are 
then  cut  perpendicular  to  this  surface.  The  stick  is  reduced  to  a 
rectangular  prism,  it  is  then  reduced  to  an  octagonal  prism  by 
removal  of  the  angles ;  in  reducing,  the  lines  should  be  drawn  on 
the  cut*surfaces  and  the  ends,  and  care  should  be  taken  by  frequent 
neasurement  that  the  surfaces  make  the  required  angles  with  each 
other.  When  the  stick  is  reduced,  as  above,  it  may  be  considered 
shaped,  and  is  ready  to  receive  fittings,  such  as  stay-hoops, 
brackets,  &c. 

221.  The  most  economical  proportions  for  a  simple  mast  are 
one  inch  diameter  at  base  for  each  three  feet  of  length,  the 
diameter  at  point  of  application  of  strain  to  be  two-thirds  that  at 
base. 

222.  The  efficiency  of  stays  to  masts  is  calculated  as  for  ordi- 
nary poles.  Care  is  necessary  to  prevent  the  stay  hoops  from 
slipping  down  as  the  mast  shrinks  and  its  outer  wood  decays ; 
this  accident  is  guarded  against  by  the  mast  being  shaped  with  a 
prominent  ring  of  wood  for  each  hoop  to  rest  on,  the  hoops  may 
be  let  into  the  mast,  or  they  may  be  supported  by  bolts  ;  they 
should  in  all  cases  be  discontinuous  and  closed  by  bolts  passed 
through  ears ;  the  bolts  serve  as  attachments  for  the  stays,  and 
are  used  to  tighten  the  clamp  from  time  to  time.  The  first- 
named  arrangement  is  preferred  when  the  mast  is  shaped  ;  nails 
and  staples  wear  loose,  square-headed  wood  screws  are  more 
reliable.  As  a  rule,  masts  should  be  inserted  in  the  ground  for 
from  one-tenth  to  one-eighth  of  their  length.  If  a  mast  be 
erected  on  a  low  bank  periodically  flooded,  it  is  not  liable  to  be 
attacked  by  white  ants  or  other  destructive  insects  which  may 
be  indigenous  to  the  country ;  if  the  bank  be  high,  the  base  of 
the  mast  may  require  to  be  carefully  protected,  particularly  if 
the  wood  be  of  a  kind  very  liable  to  be  attacked  by  insects.  In 
the  latter  case,  the  butt  of  the  stick  should  be  well  roasted  and 
painted  while  hot,  either  with  creosote  or  a  mixture  of  oil  and 
tar  ;  it  should  then  be  covered  with  sheet  copper,  Muntz  metal, 
or  zinc,  fixed  on  with  copper,  brass,  or  zinc  nails  respectively,  to 
a  foot  or  more  above  the  earth-line.    Zinc  oxidises  rapidly  on  the 
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surface  next  the  tar ;  zinc  of  the  gauge  usually  employed  is 
destroyed  by  this  cause  in  three  to  four  years,  and  should  not 
he  used  for  masts  required  to  last  longer.  If  the  wood  has  been 
seasoned,  a  surface  protector  should  be  carefully  applied  over 
the  whole  surface  of  the  mast;  two  or  more  coats  of  oil  and  lead 
paint,  or  of  oil  and  tar,  may  be  applied  before  erection,  and 
extended  to  the  inner  surfaces  of  all  joints ;  or  the  joints  may  be 
made  water-tight  with  white  lead,  in  order  to  exclude  moisture. 
The  top  of  the  mast  should  be  furnished  in  every  case  with  a 
rain  cap,  and  this  should  be  applied  even  to  the  heads  of 
lower  masts.  To  hinder  the  drying  up  of  the  wood  in  tropical 
climates,  a  good  plan  is  to  bore  a  hole  in  the  top  of  the  mast 
with  an  auger,  for  some  distance  boring  out  the  pith ;  this  hole 
should  be  kept  well  supplied  with  oil,  being  fitted  with  a  peg  to 
keep  out  rain  and  hinder  evaporation;  the  oil  is  absorbed  by  the 
wood,  and  the  mast  lasts  much  longer,  and  does  not  become  so 
brittle  as  when  this  precaution  is  neglected. 

223.  When  a  mast  is  required  of  such  a  size,  either  as  regards 
length  or  thickness,  or  both,  that  no  single  trunk  would  furnish 
a  stick  of  the  required  size,  or  when  a  mast  is  to  be  built  entirely 
of  heart-wood,  no  trunk  supplying  this  in  sufficient  quantity,  the 
mast  is  built.  A  built  mast  is  composed  entirely  of  the  strongest 
and  .most  durable  part  of  the  trees,  and  is  therefore  justly 
esteemed  above  a  single-stick  mast ;  there  is  less  risk  of  unsound- 
ness in  the  built  mast,  and  the  hoops  used  to  bind  it  render  it 
denser  and  stronger ;  but  to  build  a  mast  requires  more  know- 
ledge and  skill  to  ensure  success  than  to  shape  a  single  stick.  If 
a  standing  mast  is  to  be  built  of  two  or  more  pieces  of  timber 
joined  in  the  direction  of  their  length,  the  joints  should  be 
chosen  as  directed  in  Paragraphs  216  and  217,  and  the  mast 
should  be  stayed  at  the  joint.  The  joint  may  be  scarfed  or 
fished — a  socket  may  be  fitted  on  the  end  of  each  log,  and  the 
logs  bolted  together  by  the  socket  flanges,  this  is  useful  when 
a  mast  is  to  be  erected  in  pieces ;  straps  or  hoops,  or  one  wide 
hoop  driven  on  from  one  end  may  be  employed,  but  as  the  outer 
wood  deteriorates,  bolts  through  the  heart  should  be  used  as  a 
rule.  In  connecting  thick  timbers,  iron  or  hardwood  dowels 
may  be  employed ;  the  jointing  employed  in  constructing  the 
masting  shears  (described  by  Mr.  Glyn)  built  by  the  late  Oliver 
Lang,  Esq.,  at  Woolwich  dockyard,  furnish  an  example  of  their 
employment.  The  spars  for  the  shears  and  sprits  are  26  and  24 
inches  in  diameter,  and  132  and  136  feet  long  respectively,  and 
octagonal  in  section  ;  plates  of  wrought  iron  1^  inch  thick  were 
inserted  in  the  abutting  end  of  each  spar,  four  wrought-iron 
dowels,  2  feet  long  and  4  inches  thick,  pass  through  the  octagonal 
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plates,  a  central  plate,  1|  inch  thick,  is  placed  between  the 
abutting  surfaces — its  edge  is  notched  to  receive  the  fish-plates — 
this  plate  prevents  twisting  at  the  joint.  The  joint  is  held 
together  by  long  iron  fish-plates  or  splints,  let  in  flush  on  each 
face  of  the  prism  and  bolted  by  through  bolts,  wrought-iron 
hoops  are  driven  over  the  splints,  and  a  thick  broad  hoop  is 
driven  over  the  edge  of  the  centre  plate.  The  dowels  give 
additional  stiffness,  and  the  joint  is  calculated  to  resist  thrust 
well ;  it  is  suited  to  the  case  of  a  telegraph  mast,  particularly 
when  two  sticks  are  required  to  be  joined  endwise  without 
sacrifice  of  height ;  the  joint  should  be  invariably  protected 
against  transverse  stress  by  stays.  Such  a  joint  requires  to  be 
made  with  great  care  to  fit  the  parts  together  accurately,  and  it 
would  be  better  in  hard  wood  than  in  pine. 

224.  The  principle  to  be  kept  in  view  in  building  a  mast  to 
gain  increased  diameter,  is  to  so  connect  the  pieces  of  which  the 
mast  is  composed  that  they  may  resist  transverse  stress,  not  as 
several  pieces  acting  together,  but  as  one  piece  (Paragraph  131). 
If  several  pieces  of  wood  be  placed  together  and  be  free  to  slide 
on  each  other,  the  combination  will  be  more  elastic,  but  weaker, 
than  a  single  piece  of  wood  of  the  same  dimensions.  If  the 
pieces  be  indented  into  each  other  or  keyed,  it  is  evident  the 
component  parts  of  the  compound  log  must  bend  together  and 
act  as  one  piece,  provided  the  indents  or  key-seats  be  deep 
enough  to  resist  the  tendency  to  shear  off  layers  of  fibres.  A 
beam  to  be  supported  at  both  ends,  and  loaded  uniformly  or 

in  the  centre,  snoiild  be  built  symmetrically  from  the  centre ; 

if  it  is  to  be  bent  in  one  direction  only,  it  may  be  built  as 

in  fig.  51,  which  represents  a  beam  to  be  loaded  vertically,  the 

abutting  surfaces  of  the  upper  piece  face  outwards.     If  a  bar 

be  liable  to  be  bent  in  every  direction,  as  in 

the  case  of  a  mast,  the  indents  or  keys  should 

be  the  same  in  both  pieces,  as  shewn  in  figs.  49 

and  50.    If  joggles  or  keys  be  used,  they  should 

be  placed  with  their  fibres  at  right  angles  to 

those  of  the  beam,  and  in  the  direction  of  the 

beam's  depth ;  if  they  be  made  of  iron,  or  wood 

much  harder  than  that  joined,  they  are  more 

liable  to  work   loose  and.  damage  the  timber, 

than  if  of  a  material  more  nearly  approximating 

in  hardness  to-  the  timber  they  are  inserted  in. 

Neither  indents,  bolts,  nor  keys  are  placed  where 

the   shearing   stress   vanishes,  nor  where  the  jpjg  49     pjg  50. 

bending  moment  is  a  maximum.     According  to 

Tredgold,  the  joint  depth  of  all  the  keys  should  be  somewhat 
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greater  than  once  and  a  third  the  depth  of  the  beam,  and  if  of 

hard  ■wood  tbeir  width  should  be  about  twice  their  thickness. 

According  to  Duhamel,  the  joint  depth  of  the  indents  should 

^ not  be  less  than  two-thirds 

i — ii 11         (I  i      II   r_li_3    the  depth  of  the  combination. 

HrHH-t II toti     Figs.  P49)  50,  and  51   illus- 


Fig.  51. 
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trate  the  principles  on  which 
beams  and  masts  are  built, 
•but  in  the  case  of  the  latter,  practice  varies  and  differs  more  or 
less  from  the  above  models.  Figs.  52  and  53  illustrate  modes  of 
building  masts  employed  in  practice.  Fig.  52  A  is  a  mode  used 
in  the  French  navy ;  a  feather  in  one  piece  is  let  into  a  groove  in 
the  other ;  to  prevent  sliding  when  resisting  stress  in  the  plane 
of  the  paper  the  bolts  are  alone  to  be  depended  upon,  and  these 
ultimately  wear  loose  in  consequence  of  the  vibration  and  the 

softness  of  the  wood.  In  hard 
wood  the  bolts  would  not  so 
readily  become  loose,  but  as  the 
sliding  is  not  prevented  by  abut- 
ting surfaces,  this  joint  is  not 
recommended.  B  and  C,  fig.  52, 
are  other  modes  of  building ;  in 
C  keys  may  be  used  to  prevent 
sliding ;  a  mast  may  also  be  built 
by  planting  logs  on  a  central  log 
shaped  to  a  polygonal  prism,  the 
whole  being  connected  by  indents 
or  joggles  to  prevent  sliding,  and 
hooped.  More  perfect  modes  of 
building  are  shewn  in  fig.  53 ;  the  sections  a,  b,  and  c  alternate 
with  A,  B,  and  C  respectively,  at  equal  distances  along  the  length 
of  the  mast ;  it  is  evident  sliding  is  prevented  by  these  modes  of 
joining,  they  are  on  the  same  principle  as  figs.  49  and  51.  Aa  is 
a  good  model,  it  is  less  dependent  on  accurate  fitting,  and  less 
likely  to  become  loose,  if  the  wood  should  warp,  than  figs.  49 
and  51.  The  practice  in  Her  Majesty's  dockyards  is  shewn  in 
fig.  53  B5 ;  it  is  evident  on  inspection  of  the  figures,  in  resisting 
stress  in  the  direction  of  the  arrows  the  greatest  strain  on  the 
abutting  surfaces  is  where  these  surfaces  are  weakest — viz.,  at 
the  points  1  and  2,  and  where  the  stress  is  very  slight  (viz.,  at 
the  centre)  the  abutting  surfaces  are  most  extensive ;  Ce  is  evi- 
dently a  more  rational  form,  but  B  has  certain  practical  advan- 
tages when  applied  to  ships'  masts ;  the  outside  seam  is  straight, 
it  therefore  looks  fairer,  and  water  cannot  lodge  in  it ;  this  form 
draws  together  well  when  hooped,  the  hearts  of  great  trunks. 


"Pig.  53. 
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being  softer  than  the  outer  rings  :  the  soft  heart  in  this  form  of 
joint  is  well  exposed  to  compression  by  hooping,  the  compression 
rendering  the  hooped-built  mast  stronger  than  a  single  piece  of 
the  same  dimensions — this  form  is  also  calculated  to  resist 
torsion.  Of  the  above  models,  fig.  53  Aa  is  the  plainest ;  it  is 
the  easiest  to  make  well,  and  for  jointing  rectangular  logs  should 
be  as  a  rule  preferred ;  B6  is  a  model  in  use  for  ships'  masts,  but 
as  telegraph  masts  do  not  have  to  resist  torsion,  and  are  some- 
times of  hard  wpod,  which  cannot  be  much  compressed  by  hoop- 
ing, Cc  seems  better  suited  to  the  necessities  of  the  case ;  it 
would  not  hoop  so  well,#and  more  wood  is  sacrificed  than  in  B6, 
but  the  joint  is  easier  to  make  well ;  there  is  a  larger  opening  in 
Cc,  in  which  moisture  might  enter,  but  the  surface  of  the  joint  is 
less,  and  there  is  less  danger  of  water  lodging  in  the  interior 
than  in  B6.  In  building  masts  after  these  models  the  pieces 
should  be  fitted  as  accurately  as  possible,  the  plane  being  used 
in  finishing  the  surfaces  ;  when  put  together  the  seam  should  not 
be  quite  close  at  first,  it  should  be  closed  by  the  hooping,  the 
hoops  being  driven  hard,  and  a  considerable  interval  being 
allowed  to  elapse  between  each  spell.  In  adding  pieces  in  the 
direction  of  the  length,  when  building  a  mast  in  length  as  well 
as  diameter,  these  pieces  should  break  joint  with  each  other. 
The  proportions  of  built  masts  are  the  same  as  those  indicated 
already  for  single-stick  masts  (Paragraph  221). 

225.  When  great  height  is  required  (above  about  70  feet),  it 
is  usual  to  employ  a  standing  mast  carrying  a  running  mast,  and 
the  compound  mast  is  then  constructed  after  the  model  of  a 
ship's  mast  modified  to  suit  the  simpler  case  of  a  telegraph  mast, 
which  not  being  required  to  carry  sails,  &c,  does  not  need  such 
numerous  and  complicated  fittings.  The  parts  of  a  ship's  mast, 
their  functions  and  relative  positions,  are  described  below.  The 
line  on  the  mast  marking  the  line  of  the  deck  is  the  partners  ;  at 
this  place  the  mast  has  its  greatest  or  given  diameter,  which  is 
referred  to  as  the  diameter  of  the  mast;  the  diameter  of  a  tele- 
graph mast  is  its  diameter  at  the  ground  line.  The  end  of  the 
mast  resting  on  the  keel  of  the  ship  is  termed  the  heel,  and  the 
portion  between  the  heel  and  the  partners  is  termed  the  hous- 
ing. From  the  partners,  measuring  in  a  direction  from  the  heel, 
the  mast  is  divided  by  imaginary  lines  into  four  parts,  the  points 
of  division  being  termed  the  quarters;  one  of  the  four  parts 
forms  the  head,  which  extends  from  the  third  quarter  to  the  end 
of  the  stick.  As  the  housing  is  commonly  from  a  quarter  to 
nearly  one-third  of  the  total  length  of  the  mast,  it  follows  the 
length  of  the  mast-head  is  from  three-sixteenths  to  one-sixth  the 
total  length  of  the  standing  mast.     For  example,  in  a  standing 
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mast  having  110  feet  extreme  length,  about  19  feet  would  be 
head  and  29  feet  housing,  the  height  gained  above  deck  would 
thus  be  62  feet  only.  A  similar  telegraph  mast  would  be  huried 
only  10  to  12  feet,  and  would  have  therefore  additional  height 

for  the  same  extreme  length. 
Fig.  54  represents  the  head  of 
a  standing  mast  and  the  heel 
of  a  running  mast  (termed  the 
topmast)  fitted  together : — 
f  the  standing  mast  has 
oaken  cheeks  e,  fastened  to 
the  mast  by  five  through  bolts, 
and  by  either  two  square 
coaks  formed  from  the  mast, 
or  by  circular  coaks ;  the  lower 
portions  are  secured  by  a  hoop 
or  hoops.  The  diameter  of 
the  standing  mast  at  the  upper 
line  of  the  oak  cheeks,  termed 
the  hounds,  is  three-fourths 
the  given  diameter;  the  head- 
ing is  square  in  section,  and 
tapers  from  three-fourths  to 
five-eighths  of  the  given  dia- 
meter, d  the  trestle  trees 
rest  on  the  cheeks,  which  pro- 
ject therefore  from  the  mast 
at  the  upper  part,  at  least 
half  the  width  of  the  trestle 
trees.  The  trestle  trees  are 
made  equal  in  depth  to  half  the  given  diameter  of  the  mast,  and 
in  breadth  to  half  their  depth.  In  ships'  masts  the  length  of  the 
trestle  trees  is  regulated  by  the  breadth  of  top  required  fore  and 
aft,  but  in  telegraph  masts  they  should  only  be  long  enough  to 
carry  the  topmast,  and  to  allow  enough  wood  to  carry  the 
necessary  bolts  and  fastenings  safely;  they  are  rounded  off  at 
the  lower  corners,  as  shewn  in  the  figure.  The  cross-trees  ah, 
are  made  in  length  the  breadth  of  top  required,  but  in  telegraph 
masts  they  need  only  be  made  to  project  beyond  the  trestle  trees 
a  distance  equal  to  their  width;  they  are  the  same  breadth  as  the 
trestle  trees,  and  in  thickness  two-thirds  their  depth;  they  are 
notched  on  the  trestle  trees  by  scores  about  an  inch  deep  cut  on 
the  trestle  trees,  and  half  this  depth  on  the  under  side  of  the 
cross-trees;  these  notches  being  placed  together,  saucer-headed 
bolts  are  put  through  at  the  junction,  and  nutted  at  the  under 
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side  of  the  trestle  trees.  Chocks  h,  h,  are  put  on  fore  and  aft  of 
the  mast  in  ships'  masts,  but  one  chock,  or  a  third  cross-tree,  to 
separate  the  standing  and  running  masts  is  all  that  is  necessary 
in  telegraph  masts.  Blocks  termed  bolsters,  c,  are  bolted  to  the 
mast,  their  upper  outer  edge  is  rounded  off;  the  stays  (shrouds) 
are  placed  round  the  mast-head,  and  rest  on  the  bolsters,  which 
are  curved  and  padded  or  plated  with  metal  to  receive  them,  the 
bolsters  protect  the  stays  and  trestle  trees  from  injury  by  con- 
tact with  each  other.  When  the  shrouds  are  of  hempen  rope, 
the  bolsters  are  covered  with  tarred  canvas  or  leather;  but  when 
the  shrouds  are  of  iron,  iron  plate  is  used  over  the  bolsters; 
on  telegraph  masts  hardwood  bolsters  or  a  covering  of  metal 
may  be  used;  there  is  less  wear  on  the  bolsters  than  in  a  ship's 
mast.  Telegraph  masts  should  be  stayed  in  the  same  manner; 
the  stays  are  usually  used  in  sets  of  four,  they  should  be  well 
spread,  and  disposed  so  as  to  be  equidistant  from  each  other,  and 
also  from  the  mast.  In  ships'  masts  the  cross-trees  are  frequently 
continued  for  some  distance  beyond  the  trestle  trees,  and  are 
made  to  serve  as  strut  braces  to  stiffen  the  running  mast ;  in 
telegraph  masts  it  is  evident  the  trestle  trees  might  also  be 
lengthened  and  employed  as  struts;  but  this  can  seldom  be  neces- 
sary as  there  is  usually  no  limitation  either  to  the  spread  or 
number  of  the  stays.  "When,  however,  this  trussing  becomes 
necessary  or  is  deemed  expedient,  the  ties  are  connected  to  the 
standing  mast  by  an  iron  hoop  or  chain  necklace  let  into  the 
lower  mast  below  the  cheeks;  this  hoop  or  chain  is  provided 
with  tie  shackles,  and  should  have  one  or  more  openings  with 
ears  through  which  a  bolt  or  bolts  are  passed  to  draw  it  close  to 
the  mast.  The  mast-head  is  square  in  section,  a  square  tenon 
being  cut  for  the  cap.  The  cap  I  may  be  made  of  wood  or  of 
iron ;  the  latter  is  probably  best  suited  to  telegraph  masts,  iron 
caps  being  simpler  than  those  of  wood ;  the  wood  employed  in 
the  merchant  service  is  iisually  African  oak.  The  cap  is  in 
width  twice,  and  in  thickness  five-sixths  the  diameter  of  the 
topmast,  the  ends  are  rounded  as  shewn ;  the  holes  are  set  off 
so  that  the  substance  of  the  wood  left  between  the  holes  equals 
half  the  taper  of  the  masthead  and  the  thickness  of  the  chock 
between  the  trestle  trees  ;  the  wood  left  between  the  round  hole 
and  the  end  is  equal  in  width  to  two-thirds  the  depth  of  the  cap  ; 
the  width  between  the  square  hole  and  the  after  end  of  the  cap 
is  equal  to  the  depth  of  the  cap ;  the  round  hole  is  one  inch 
larger  than  the  diameter  of  the  topmast  to  pass  through  it, 
seven-eighths  of  this  is  to  allow  for  a  leather  padding  and  one- 
eighth  for  play.  The  cap  is  generally  reduced  in  thickness  one- 
twelfth  on  the  edge  for  the  gain  in  lightness.  It  is  surrounded 
by  an  iron  hoop,  generally  about  one-third  its  depth  and  one 
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quarter  to  five-eighths  of  an  inch  thick,  according  to  the  size  of 
the  cap;  horizontal  strengthening  bolts  are  driven  through  the 
cap  and  clenched.  In  setting  the  cap  on  the  tenon  of  the  mast- 
head, the  square  hole  is  cut  taper,  and  it  should  not  go  down  to 
the  shoulder  of  the  tenon  within  one  and  a  half  inch  to  allow  for 
shrinking.  Two  iron  plates  should  be  screwed  on  the  trestle 
trees  for  the  fid  k  to  rest  on;  a  ring-bolt  is  bolted  to  the  cap  to 
carry  a  block  used  in  raising  and  lowering  the  topmast,  but  in 
telegraph  masts  a  rope  sling  put  round  the  cap  when  required  is 
to  be  preferred. 

226.  Topmasts   have    their   given   diameter   at   the   standing 
mast  cap,  from  this  to  the  heel  they  are  parallel ;  the 
heeling  is  two  to  two  and  a  half  diameters  long;  if  it  is 
too  small  to  fill  the  hole  in  the  trestle  trees,  filling  must 
be  applied  to  the  hole,  allowing  only  a  quarter  of  an 
inch  for  play.     A  hole  for  the  fid  k,  figs.  54  and  55,  is 
cut  through  the  axis  of  the  mast,  the  lower  edge  of  the 
fid-hole  being  made  at  a  distance  from  the  hoop  12  3, 
*  fig.  55,  one  inch  greater  than  the  depth  of  the  trestle 
trees,  the  inch  being  allowed  for  the  iron  plates  placed 
on  the  trestle  trees  for  the  fid  to  rest  on.     There  is 
often  want  of  skill  in  working  telegraph  masts,  and  they 
are  more  likely  to  stick  in  the  trees  than  ships'  masts, 
being  seldom  run  ;  hence  there  is  a  liability  to  run  the 
topmast  heel  out  of  the  trees :   the  author  knows  of 
two  instances  in  which  topmasts  were  shot  over  the  caps,  fell  to 
the  ground,   and   were  broken.     The   best 
mode  of  'preventing  this  accident  is  to  have 
projections  forged  on  the  ring  12  3,  fig.  55,  to 
prevent  it  passing  through  the  trees.     Fids 
are  mostly  of  iron,  their  length  is  usually 
one  and  a  half  the  given  diameter  of  the 
lower    mast,    their     depth     one-third    the 
diameter  of  the  topmast,  and  their  width 
two-thirds  their  depth.     A  sheave  s,  fig.  55, 
is  placed   above   the    fid-hole,   the  groove 
being  cut  from  the  centre  line  of  the  surface 
3  to  the  central  line  of  the  corresponding  sur- 
face on  the  opposite  side.     Fig.  56  shews  the 
head  and  stops  of  a  topmast,  the  shoulder  c 
forms  the  stops,  the  head  above  the  stops  is 
square  in  section.     The  proportions  of  the 
cap,    i&c,    are    the    same    as    for    standing 
masts,  but  the  stops  of  the  topmast  must 
not  be  too  large  to  pass  through  the  lower 
Fig.  56.  mast  can  ;  and  the  diameter  at  the  hounds 
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is  ^  and  at  the  head  -j^-,  of  the  given  diameter,  which  is 
about  £  that  of  the  standing  mast.  Bolsters  are  used  as  for 
lower  masts,  and  topmasts  are  stayed  in  the  manner  described 
for  standing  masts.  The  running  mast,  which  is  supported 
by  the  topmast,  is  termed  the  topgallant-mast,  and  the  mast 
above  this  is  the  royal  mast ;  the  second  and  third  named  are 
usually  in  one  piece,  the  royal  being  only  a  continuation  of  the 
topgallant-mast ;  in  this  case  the  cap,  trestle  trees,  &c,  are 
of  course  unnecessary  to  connect  these  two  masts.  The  heel- 
ing of  the  topgallant-mast  is  formed  like  that  of  the  top- 
mast; the  lower  edge  %i  the  fid-hole  is  one  diameter  and  one 
inch  from  the  heel,  its  depth  is  half  the  diameter,  and  its 
width  three  quarters  of  its  depth.  A  shoulder  merely  marks 
the  termination  of  the  topgallant-mast  and  the  springing 
of  the  royal  pole,  the  latter  being  usually  short.  On  this 
shoulder  the  stays  rest,  a  copper  tube  with  a  rim,  fig.  57,  being 
first  let  over  the  royal-mast  to  rest  on 
this  shoulder;  the  rim  or  flanch  of 
this  tube  causes  it  to  catch  on  the  top- 
mast cap  and  support  the  stays  there 
when  the  topgallant-mast  is  lowered. 
The   topgallant   and  royal-masts  may  ^r  p>;„ 

be  regarded  as  one  -  mast.  The  dia- 
meter of  the  topgallant-mast  is  greater  usually  than  two-thirds 
of  the  topmast,  the  taper  is  the  same  as  that  given  to  topmasts. 
The  height  of  a  ship's  masts  is  regulated  by  the  extreme  breadth 
of  the  ship,  in  order  that  the  masts  may  be  properly  supported  by 
the  rigging;  the  confined  area  in  which  the  mast  has  to  be  stayed 
also  renders  it  necessary  to  brace  it.  In  the  case  presented  by 
a  telegraph  mast  there  is  not  the  same  limitation  as  to  height; 
bracing  may  be  employed,  but  staying  is  sufficient  when  only  one 
running  mast  is  employed,  the  commonest  case  in  practice. 

227.  Two, examples,  shewing  the  height  gained  by  ships'  masts, 
are  given  below  : — 

Example  I. — Merchant  vessel,  1563  tons.     Breadth,  42  feet 
6  inches — 


Mainmast,  .     . 
Topmast,      .     . 
Topgallant-mast, 
Boyal-mast, 

Totals, .     . 


Length. 


101'  6" 
60' 
34' 
22'  6" 


218' 


Head. 


16' 

8'  6" 


24'  6" 


Diameter. 


32" 
19" 

14" 
8|" 
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In  this  example,  from  the  extreme  length  must  be  deducted 
about  24  feet  for  housing,  and  24  feet  6  inches  for  the  heads; 
the  height  above  the  deck  is  thus  about  170  feet. 

Example  II. — Man-of-war,  120  guns — 


Length. 
Feet. 

Diameter. 
Feet 

Totals, 

119-66 
68-08 
34-41 

3-33 

1-71 

•97 

222-15 

From  this  total  must  be  deducted  about  35  feet  for  housing,  and 
30  feet  for  heads,  giving  157  feet  clear;  this  would  be  increased 
by  the  royal  pole.  In  telegraph  masts  the  loss  of  height  by 
housing  is  only  10  or  12  feet;  thus,  a  telegraph  mast  might  be 
erected,  after  the  model  of  ships'  masts,  to  stand  nearly  200  feet 
clear,  without  exceeding  dimensions  common  to  ships'  masts. 
Col.  Shaffner  describes  several  high  masts — one  was  composed  of 
a  standing  mast  110  feet  long,  surmounted  by  four  running 
masts,  70,  57,  43,  and  27  feet  respectively;  the  heel  was  not 
buried.  The  design  was  not,  however,  in  several  respects  such 
as  to  be  worthy  of  imitation;  it  is  merely  referred  to  as  the  height 
attained  in  practice.  Sometimes  masts  simply  stand  on  a  plat- 
form, being  held  to  prevent  slipping  by  a  suitable  arrangement 
of  timber ;  the  platform  distributes  the  pressure  over  the  ground 
to  which  it  is  fixed  by  piles.  In  India  a  mast  the  base  of  which  had 
been  damaged  by  white  ants,  was  rendered  serviceable  by  placing 
a  platform  of  timber  under  it  in  the  manner  described;  and  this 
mode  of  construction  has  advantages  which  may  render  it  worthy 
of  consideration  under  some  circumstances,  the  principal  being — 
the  gain  in  height,  the  fact  that  a  platform  of  teak  may  support  a 
pine  mast  and  protect  it  from  white  ants  when  the  ravages  of 
these  are  to  be  feared,  and  the  foot  of  the  mast  is  exposed  for 
examination;  but  it  is  simpler  and  much  cheaper,  under  ordinary 
circumstances,  to  place  the  mast  in  the  ground,  and  the  employ- 
ment of  the  other  mode  must  be  regarded  as  exceptional.  The 
rivers  Luckya,  Brahmapootra,  Toongaboodra,  and  Gorai,  in  Lower 
Bengal,  were  crossed  by  compound  masts;  at  the  first  three,  the 
masts  were  each  of  two  pieces,  one  standing  and  one  running 
mast;  the    standing  masts  were  74  and  75   feet,  the  running 


STAYING  MASTS  — FITTINGS  FOR  CLIMBING.  149 

masts  about  44  feet,  in  some  cases  less,  and  the  masts  complete 
stood  somewhat  over  1 00  feet  clear. 

228.  In  staying  ships'  masts  the  stays  are  placed  above  the 
bolsters  in  standing  and  topmasts,  and  on  the  shoulder  between 
topgallant  and  royal-masts ;  collars,  clamps,  or  hoops  are  not 
used  ;  the  stays  are  simply  put  round  the  masts,  the  latter 
being  protected  by  the  bolsters.  It  is  evident  the  stays  cannot 
tend  to  twist  the  mast,  as  they  are  free  to  move  on  it.  Telegraph 
masts  should  have  the  stays  placed  as  in  ships'  masts,  on  the 
bolsters;  but  if  collars,  clamps,  or  hoops  be  used,  care  should  be 
taken  they  connect  th«  stays  and  mast  in  such  a  manner  that 
there  be  no  strain  on  the  mast  tending  to  twist  it.  The  stays  of 
standing  masts  may  be  of  oval-linked  chain  or  of  wire  rope ;  the 
stays  of  running  masts  should  be  of  wire  rope.  The  lightest 
staying  consistent  with  efficiency  should  be  calculated  for  each 
case,  due  allowance  being  made  for  the  leverage  with  which  the 
load  acts,  and  for  the  stays  acting  at  an  angle.  The  maximum 
transverse  and  vertical  loads  to  be  borne  should  be  decided  upon, 
and  the  strength  of  the  structure  in  every  part  regulated  accord- 
ingly. When  topgallant-masts  are  not  used,  it  is  evident  the 
staying  of  the  topmast  may  be  lighter,  as  it  is  not  acted  upon 
by  the  load  with  the  same  leverage.  For  example,  if  a  mast  to 
stand  100  feet  clear  to  be  stayed  at  50  feet,  is  to  resist  a  hori- 
zontal load  of  500  lbs.  applied  at  the  top,  then  the  load  at  50 
feet  will  be  equal  to  1000  lbs. ;  the  stays,  if  placed  at  45°  with 
the  mast,  must  offer  a  resistance  of  3000  lbs;  this  multiplied  by 
4  as  factor  of  safety,  is  12,000  lbs.,  or  upwards  of  5  tons;  oval- 
linked  chain  -J%"  in  diameter  would  be  about  the  strength 
required ;  if  the  stays  could  be  attached  higher  they  might  be 
lighter.  In  the  above  example  the  resistance  of  the  earth  in 
which  the  mast  is  fixed  is  neglected;  the  stays  alone  are  consid- 
ered. If  a  second  set  of  stays  be  applied  nearer  the  load,  the 
segment  between  the  two  sets  of  stays  acts  as  a  beam  supported 
at  both  ends ;  in  this  case,  if  the  upper  part  of  the  mast  be 
strong  enough  to  carry  the  load  without  the  assistance  of  the 
longer  stays,  the  lower  stays  should  be  calculated  also  to  carry 
the  load  without  the  assistance  of  the  upper  ones,  but  the  lower 
set  of  stays  should  be  strong  only  in  proportion  to  the  topmast. 

229.  As  the  lowering  of  running  masts  is  an  expensive  opera- 
tion, not  only  by  reason  of  the  number  of  men  required,  but  in 
the  provision  of  heavy  tackle  liable  to  rapid  deterioration,  parti- 
cularly when  exposed  to  light  and  damp,  and  in  the  carriage  of 
this  tackle,  masts  should  not  be  lowered,  but  means  should  be 
provided  for  readily  climbing  them.  Blocks  of  wood  nailed  to  the 
mast  have  been  used,  but  these  get  loose  and  become  unsafe,  while 
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they  injure  the  mast  and  afford  no  means  of  holding  on  by  when 
ascending.  Probably  light  iron  ladders,  made  of  wire  or  wire 
rope,  fastened  to  the  trestle  trees  and  hanging  perpendicularly 
from  them,  would  best  suit  the  purpose  ;  the  ladders  should  be 
fixed  at  their  base,  the  lowest  from  the  lower  mast  trestle  trees 
may  be  fixed  in  the  ground  or  to  a  projection  from  the  mast  for 
the  purpose,  the  upper  mast  ladders  might  be  fixed  from  trestle 
trees  to  trestle  trees  ;  they  should  allbe  steadied  by  intermediate 
attachment  to  the  mast.  An  excellent  mode  of  climbing  a  mast 
is  to  have  a  block  fixed  at  the  top,  with  a  light  line  reeved 
through  it;  this  line  is  used  to  haul  up  a  thicker  line,  by  which 
a  man  may  be  hauled  up ;  the  ends  of  the  permanent  line  should 
be  tied  to  the  mast  high  above  ground  until  required.  This  is 
economical,  efficient,  and  safe. 

230.  In  putting  on  caps,  trestle  trees,  and  all  similar  fitting 
to  masts,  white  lead  should  be  freely  used  in  the  joints  to  ex- 
clude moisture ;  and  tow  and  white  lead,  soft  wooden  wedges,  or 
other  suitable  stuffing,  should  be  used  in  the  trestle  trees  and 
caps  to  diminish  vibration. 

231.  The  above  description  of  a  ship's  mast  is  very  general, 
and  much  is  omitted  which  is  proper  to  ships'  masts  only  ;  ships' 
masts  are  varied  according  to  the  necessities  of  each  case,  the 
taste  of  the  builder,  &c. ;  but  the  description  given  contains  all 
that  is  essential,  and  the  proportions  of  the  parts  are  those  which 
experience  has  shewn  to  be  best  in  practice.  In  constructing 
telegraph  masts  on  the  model  of  ships'  masts,  the  great  differ- 
ence between  the  conditions  must  be  kept  in  view  to  ensure 
economy.  The  ship's  mast  is  stayed  and  worked  in  a  very  con- 
fined area,  it  is  subject  to  the  motion  of  the  ship,  it  has  to  carry 
heavy  yards,  sails,  and  running  rigging,  and  to  resist  the  effort 
of  the  sails  ;  the  weight  of  the  yards  alone  will  be  seen  to  be 
very  great,  when  it  is  considered  that  the  -  mainmast,  described 
example  I.,  p.  147,  would  carry  the  following  yards  : — 


Length. 

Given 
Diameter. 

Topgallant-yard,      .     .     . 

86'  6" 
70' 
50 
39'  8" 

22" 
16" 

Hi" 
8|' 

To  these  yards  must  be  added  the  studding-sail  booms,  the  appli- 
cation of  which  has  the  effect  of  virtually  lengthening  the  yard 
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from  both  arms,  increasing  greatly  the  weight  to  be  carried ; 
the  yards,  together  with  the  enormous  quantity  of  canvas,  rope, 
&c,  must  bring  great  strain  on  the  masts  and  standing-rigging 
when  the  ship  is  rocked  by  the  waves.  Telegraph  masts  are 
simply  required  to  carry  their  own  weight  and  the  weight  of  the 
wires  they  support,  they  are  stationary ;  the  stays  can  have  any 
desirable  spread,  and  need  not,  therefore,  be  so  strong  or  so 
numerous  as  the  shrouds  and  stays  of  a  ship's  mast ;  the  telegraph 
mast  has  to  stand  at  its  full  height  during  the  roughest  weather, 
it  should  hence  be  stayed  as  high  up  as  the  position  of  the  wires 
will  permit ;  but  the  wjiole  circumstances  of  each  case  being  con- 
sidered, it  will  be  evident  the  strains  to  which  a  telegraph  mast 
is  subjected  are  trifling  compared  with  those  to  which  a  ship's 
mast  is  liable.  The  telegraph  mast  should  not  be  subjected  to 
transverse  strain  by  fixing  the  wires  to  the  insulators ;  the  wires 
should  be  strained  from  the  ground  and  not  against  the  top  of 
the  mast  by  the  use  of  ratchet-drums  or  other  similar  contri- 
vances attached  high  up  the  mast,  and  tall  masts  should  not  be 
used  as  angle  posts.  Telegraph  masts,  however,  are  more  liable 
to  deterioration  from  neglect  of  surface  protection  and  staying, 
leading  to  loose  fastenings,  injury  to  and  surface  decay  of  the 
timber,  &c. 

232.  Ships'  masts  are  not  erected  vertical,  but  are  set  up  to 
rake  ;  telegraph  masts  should  be  erected  so  that  a  vertical  line 
through  the  centre  of  gravity  of  the  combination  will  pass 
through  the  centre  of  the  base. 

233.  The  advantages  gained  by  using  the  running  masts,  rather 
than  standing  masts  of  increased  height,  are  greater  facility  in 
erecting  and  in  gaining  access  to  the  fittings  at  the  summit  by 
lowering  the  running  masts ;  but  it  will  be  evident,  on  con- 
sideration, that  a  single  standing  mast  of  the  requisite  height  is 
much  more  economical  and  efficient.  Telegraph  masts  should 
not  be  lowered,  and  every  care  should  be  taken  by  efficient 
staying,  that  the  mast  is  not  subjected  to  transverse  strain,  and 
acts,  as  far  as  possible,  as  a  pillar  or  strut ;  the  single  standing 
mast  would  resist  the  pressure  in  the  direction  of  its  axis,  the 
compound  mast  carries  the  weight  diagonally,  and  therefore 
at  a  disadvantage.  The  standing  mast  would  be  lighter  than, 
the  compound  mast ;  it  would  be  more  economical,  requiring  less 
timber  and  less  labour,  while,  from  the  whole  being  joined  more 
nearly  into  one  piece,  the  vibration  is  less  and  the  strength 
greater.  There  does  not  appear  any  reason  why  a  wooden  mast 
should  not  be  erected  in  pieces,  as  is  done  in  the  case  of  structures 
of  iron,  the  joints  should,  of  course,  be  made,  and  the  fastenings 
fitted  in  the  first  instance   on  the  ground,  each  part   should 
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be  stayed  as  erected,  and  before  another  portion  is  hoisted ;  the 
weight  of  the  pieces  to  he  hoisted  may  be  considerable,  the 
strength  of  the  tackle  and  temporary  fittings  should  be  pro- 
portioned accordingly ;  the  maximum  weight  to  be  hoisted  would 
seldom,  in  practice,  exceed  one  ton.  The  masting  shears  already 
alluded  to  (Paragraph  223)  present  an  instance  of  a  very  large 
standing  mast — the  mast  was  134  feet  long,  44  inches  in  diameter, 
and  surmounted  by  a  flag  pole  44  feet  long ;  it  was  built  in  the 
same  manner  as  a  ship's  main  standing  mast.  In  compound  masts, 
and  exceptionally  high  built  simple  masts,  the  proportion  of 
diameter  at  base  to  height  is  preserved ;  but  it  is  evident  the 
diameters  at  base  and  point  of  application  of  the  load  should  not 
.  be  as  3  :  2,  as  described  for  simple  masts ;  as  a  general  rule, 
in  building  a  simple  mast,  the  diameter  at  the  first  stay-hoop 
should  be  two-thirds  that  at  the  base,  the  diameter  at  the  second 
stay-hoop  two-thirds  that  at  the  first,  and  so  on,  each  segment 
between  two  contiguous  tiers  of  stays,  or  between  the  ground 
and  the  first  hoop,  should  be  proportioned  as  a  simple  pole  ; 
although,  so  long  as  the  stays  are  efficient,  the  pole  is  not  strained 
as  a  cantilever,  the  stays  may  become  loose  or  be  accidentally 
damaged,  and  this  should  be  provided  against  when  practicable. 

234.  The  fact  that  these  masts  act  as  both  pillars  and  beams 
must  be  kept  in  view  in  choosing  the  kind  of  joint  to  be  used  in 
building  them.  Compound  telegraph  masts  are  usually  of  two 
spars  only ;  the  faults  to  be  particularly  avoided  in  erecting  and 
maintaining  these  masts  appear  to  be  the  following  : — Use  of  too 
light  a  topmast,  weak  stays  not  well  attached  to  the  mast,  and 
placed  below  instead  of  above  the  bolsters,  and  neglect  to  stuff 
the  holes  in  the  trestle  trees  and  cap  to  diminish  them  to  fit  the 
topmast.  The  relative  merits  of  iron  and  wood  for  the  con- 
struction of  masts  is  discussed  under  the  heading  Iron  Masts. 

Section  II. — Earthwork. 

235.  In  telegraph  engineering  the  necessity  for  extensive  earth- 
work does  not  occur,  but  the  small  works  required  ought  invari- 
ably to  be  of  the  best  possible  quality ;  hence  the  necessity  for  a 
knowledge  of  the  principles  on  which  the  durability  of  such  work 
depends,  and  the  best  mode  of  attaining  the  maximum  durability 
in  practice.  Earthwork  is  of  two  kinds,  excavation  or  cutting 
and  filling  or  embankment ;  the  term  applies  not  only  to  such 
works  in  earth,  commonly  so  called,  but  also  to  embankments  made 
of  broken  stones  and  excavations  in  solid  rock;  in  the  present  case, 
unless  expressly  stated,  it  is  restricted  to  the  first  only,  excava- 
tions in  solid  rock  being  treated  separately. 


DIGGING  HOLES— SLOPES   OP  EARTHWORK.  153 

236.  The  adhesion  of  earth  is  destroyed  by  moisture,  exposure 
to  the  air,  and  changes  of  weather;  it  is  not  therefore  relied  on  in 
embankments  or  cuttings,  excepting  for  temporary  purposes,  as 
in  the  execution  of  excavation ;  it  is  due  to  adhesion  that  in  most 
kinds  of  earth  a  freshly  cut  surface  will  stand  -with  a  vertical  face 
for  a  certain  depth  below  its  upper  edge ;  if  it  were  not  for  this 
adhesion,  holes  could  not  be  dug  in  the  usual  way  with  vertical 
sides.  The  depth  to  which  earth  will  stand  with  a  vertical  face 
depends  evidently  on  the  relation  between  its  adhesion  and  heavi- 
ness ;  it  is  increased  by  a  certain  degree  of  moisture,  but  diminished 
by  excessive  wetness.  iChe  greatest  depth  of  temporary  vertical 
face  for  several  kinds  of  earth  are  as  follows  : — 

Clean  dry  sand  and  gravel,       .  .  0 

Moist  sand  and  ordinary  surface  mould,  from  3  to    6  feet. 

Clay  (ordinary),  .  .  .     „    10  „  16    „ 

It  is  evident  holes  cannot  be  safely  dug  in  the  soils  named  below 
the  depths  in  the  table,  unless  the  sides  be  supported  by  timber  or 
otherwise,  or  they  be  cut  obliquely.  As  deep  holes  are  seldom 
required,  it  is  more  economical,  as  a  rule,  in  telegraph  construction 
to  adopt  the  latter  expedient  rather  than  the  former,  the  sides  of 
deep  holes  being  cut  either  in  steps  or  obliquely.  At  some  por- 
tion of  the  circumference  of  the  hole  the  sides  should  be  cut  in 
steps,  or  if  the  hole  be  conical,  an  inclined  plane  winding  round 
it  may  be  cut  for  convenience  of  the  men  bringing  up  the  earth 
excavated.  Cuttings' made  in  the  undisturbed  soil  generally  have 
a  steeper  slope  than  the  sides  of  embankments  made  of  disturbed 
earth,  technically  termed  made  earth;  but  in  such  cases  grass 
covering  or  other  dressing  is  relied  on  to  compensate  for  the  loss 
of  temporary  stability  due  to  adhesion.  In  telegraph  construction 
such  steep  slopes  are  frequently  inadmissible,  the  bank  standing 
in  water. 

237.  The  stability  of  friction  is  alone  sufficient  to  maintain  the 
side  of  an  embankment  or  cutting  at  a  uniform  slope,  making  an 
angle  with  the  horizon  equal  to  the  angle  of  repose ;  the  soil  if 
thrown  loosely  down,  assumes  this  angle.  The  slope  of  earthwork 
is  generally  described  by  the  ratio  of  its  horizontal  breadth  to  its 
vertical  height — i.  e.,  the  reciprocal  of  the  tangent  of  its  inclination 
to  the  horizon.  The  most  frequent  slopes  of  earthwork  are  those 
termed  1 J  to  1,  and  2  to  1 ;  wet  clay  and  peat  are  sometimes 
4  to  1,  corresponding  to  an  angle  of  repose  of  only  14°,  while  the 
angle  of  repose  of  damp  clay  and  gravel  may  exceed  45°.  A  great 
excess  of  water,  as  already  stated,  tends  to  destroy  frictional 
stability — e.g.,  wet  sand  and  mud  have  no  stability  of  friction, 
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hence  drainage  is  often  very  important  to  the  durability  of 
embankments.  The  absorption  and  retention  of  water  should  be 
prevented  as  far  as  possible ;  shivers  of  rock,  shingle,  gravel,  <fec, 
allow  water  to  pass  through  them  without  retaining  sufficient  to 
prove  injurious,  but  clay  and  earths  containing  it  absorb  water 
and  form  a  paste  with  it.  T  Sand  and  gravel,  however,  having  no 
adhesion,  but  depending  only  on  friction  for  stability,  are  unsuit- 
able for  embankments  which  have  to  stand  sometimes  in  water ; 
under  such  circumstances  clay,  and  mixed  clay  and  loam,  do  not 
lose  their  adhesion  completely,  and  hence  stand  where  sand  or 
gravel  would  sink;  but  clay  and  earth  containing  clay  as  anv 
ingredient,  have  their  frictional  stability  and  adhesion  diminished 
by  exposure  to  air  and  sun.  From  the  above  it  appears  that 
embankments  supporting  cable  sheds  on  river  banks  should  not 
be  made  of  sand,  they  should  have  a  slope  of  3  or  4  to  1,  should 
be  somewhat  larger  than  actually  necessary  to  fulfil  the  purpose 
required  to  allow  for  cutting  away  by  water,  and  they  should  be 
periodically  examined  and  kept  in  good  repair,  to  enable  them  to 
resist,  as  far  as  possible,  the  action  of  water  during  flooding  of  the 
surrounding  ground.  Embankments  to  be  kept  dry  are  pre- 
ferably made  slightly  steeper  than  the  angle  of  repose  would 
indicate,  adhesion  being  depended  on  to  impart  the  required 
extra  stability.  The  object  of  this  is  to  expose  as  little  surface 
as  possible  to  the  atmosphere ;  but  such  steep  slopes  should  be 
avoided  where  the  bank  may  have  to  stand  in  still  water,  and 
cannot  be  protected  by  dry  stone,  or  other  similar  means. 

238.  The  tools  used  in  earthwork  are  divided  into  four  classes 
— viz.,  1.  Those  for  loosening  and  detaching  the  soil  from  its 
natural  position;  2.  those  for  handling  the  detached  soil — i.e., 
lifting,  spreading  it,  &c;  3.  a  vehicle  for  conveying  the  earth; 
and  4.  a  tool  for  ramming  and  so  consolidating  it  in  its  new 
position.  Soft  soil  may  be  detached  by  the  same  tool  as  is 
used  to  handle  it,  but  in  hard  ground  these  operations  require 
different  tools.  The  most  useful  instrument  for  loosening  soil 
in  digging  holes  for  telegraph  posts  is  a  single-bladed  pickaxe, 
the  second  blade  being  dispensed  with  to  reduce  the  size  of  the 
instrument,  and  thus  admit  of  its  use  in  a  more  confined  space. 
The  length  of  blade  should  be  about  1  foot,  and  it  should  not 
exceed  10  lbs.  in  weight;  the  point  should  be  chisel-shaped, 
about  an  inch  wide,  and  of  steel.  A  crowbar  used  as  a  jumper 
(described  below),  and  (in  India)  a  khuntie,  a  kind  of  jumper 
used  for  earth,  are  used  in  loosening  hard  soils  in  digging  holes; 
the  crowbar  should  be  steeled  at  the  end,  it  is  seldom  applicable 
economically,  being  used  then  for  very  hard  soil.  The  khuntie 
is  a  broad-bladed  jumper,  with  a  wooden  handle  about  5  feet 
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long,  differing  in  pattern  slightly  in  different  parts  of  the 
country;  the  blade  varies  in  width  from  2  to  4  or  5  inches, 
its  depth  is  about  6  inches;  this  instrument  is  a  very  economical 
one  in  the  hands  of  those  natives  generally  using  it,  for  digging 
small  holes  6  to  12  inches  in  diameter  in  oi-dinary  ground;  but 
the  pick  is  more  economical  where  applicable — viz.,  for  holes  of 
cross  sectional  area  sufficiently  large  for  a  man  to  work  in.  The 
heart-shaped  spade  shovel  is  the  most  useful  instrument  when 
the  earth  is  loosened  with  the  shovel,  when  it  has  merely  to  be 
lifted  the  straight-edged  shovel  is  more  economical.  Shovels  are 
used  in  many  parts  of  India,  but  the  commonest  tool  for  digging 
is  the  phaora,  a  large  bladed  hoe.  The  phaora  differs  in  shape 
and  size  in  different  parts  of  the  country,  and  when  of  suitable 
shape  and  size  it  is  more  economical  in  the  hands  of  natives  for 
digging  holes  and  general  purposes  of  telegraph  work  than  the 
shovel  and  pickaxe.  The  phaora  blade  for  ordinary  purposes 
should  be  about  6  inches  wide,  and  the  same  shape  as  the  blade 
of  a  straight-edged  shovel;  for  hard  ground  a  few  of  the  narrow 
shape,  about  3  inches  wide,  resembling  an  adze,  are  very  useful. 
The  handle  sockets  of  picks  and  phaoras  are  frequently  made  too 
shallow  and  thin — thus  the  handles  break  and  get  loose  frequently 
in  use,  and  the  tool  often  fails  at  the  eye ;  the  sockets  for  the 
handles  should  be  at  least  3£  to  4  inches  deep,  and  the  iron 
surrounding  the  eye  should  be  thick  and  sound.  Phaoras  are 
sometimes  made  with  a  neck  of  iron  between  the  eye  and  the 
blade;  such  tools  break  at  the  neck,  and  should  be  avoided;  the 
blade  of  a  phaora  should  spring  directly  from  the  socket,  and 
should  be  thickened  towards  the  eye.  Care  should  be  taken 
that  the  handle  be  not  too  long,  or  the  workman  may  cut  his 
foot,  and  a  long  handled  phaora  cannot  be  used  in  a  hole;  the 
point  where  the  handle  is  held  should  be  the  centre  of  the  circle 
described  by  the  blade,  a  phaora  blade  being  inclined  to  its 
handle  at  a  more  acute  angle  than  that  between  the  blade  and 
handle  in  an  adze,  the  former  tool  requires  a  shorter  handle  than 
the  latter.  The  phaora  appears  better  adapted  to  use  in  a  hole 
than  the  spade.  In  Europe,  earth  is  usually  conveyed  in  small 
quantities  in  wheelbarrows  constructed  especially  for  this  pur- 
pose; in  India  baskets  are  employed ;  in  telegraph  construction, 
as  a  rule,  stout  baskets  should  be  used,  they  are  more  generally 
useful  and  more  portable  than  barrows;  the  latter  can  seldom  be 
used  in  telegraph  construction.  Rammers  are  made  of  cast  iron 
with  wooden  handles,  or  entirely  of  wood  hooped  with  iron,  to 
prevent  splitting ;  the  best  kind  of  rammer  is  a  wooden  one  with 
the  handle  and  head  cut  from  one  piece  of  wood.  Rammers  are* 
of  different  weights — 15  lbs.  is  a  common  weight  in  India.     As 
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■these  tools  are  heavy  it  is  better  to  make  them,  "when  wood  can 
be  got,  when  and  where  required,  than  to  carry  them  long 
distances;  excellent  rammers  are  made  from  pieces  of  branches 
of  trees  cut  at  one  end  to  form  the  handle;  these,  are  made  as 
required  in  a  few  minutes,  and  can  be  burnt  when  split  or  no 
longer  required. 

239.  The  positions  of  post  holes  are  usually  marked  by  stout 
pegs  driven  in  the  ground  in  the  alignment  decided  on;  the  holes 
for  the  posts  should  be  dug  on  one  side  of  the  peg,  that  the  peg 
be  not  removed  until  the  post  is  planted ;  holes  for  angle  posts 
are  necessarily  dug  round  a  central  peg;  in  this  case  additional 
pegs  may  be  placed,  indicating  the  place  of  the  peg  removed.  In 
all  cases,  before  commencing  the  hole,  a  boundary  line  should 
be  cut  with  the  spade  or  phaora  marking  the  extent  of  the 
intended  excavation.  If  the  hole  do  not  exceed  4  to  5  feet  in 
depth,  the  earth  can  be  lifted  with  the  spade  or  phaora  by  the 
digger,  but  for  deeper  holes,  the  basket  and  a  second  man  are 
necessary.-  In  digging  holes  in  which  the  depth  exceeds  that  at 
which  the  soil  will  stand  with  a  vertical  face,  it  is  necessary  to 
cut  the  hole  with  sloping  sides,  to  cut  the  sides  in  steps,  or-  to 
support  the  surrounding  earth  by  planks  placed  against  the  sides, 
and  kept  there  by  struts  placed  across  the  hole ;  the  first  method 
is  the  most  economical  when  such  deep  holes  are  seldom  required, 
but  for  a  large  number  of  holes,  probably  the  timber  support  is 
cheaper,  but  it  requires  more  skill  to  apply.  The  best  method 
in  any  particular  case  must  depend  on  local  circumstances ;  in 
India  it  will  generally  be  found  that  planking  is  difficult  to  pro- 
cure, expensive  to  carry,  and  the  labour  is  too  unskilled  to  use  it 
without  very  strict  supervision,  hence  it  should  be  dispensed  with 
as  far  as  possible.  The  liability  to  slip  may  be  reduced  by  de- 
positing the  earth  excavated  a  few  feet  distant  from  the  edge  of 
the  hole.  When  excavating  on  the  bank  of  a  river,  operations 
may  frequently  be  facilitated  by  regulating  work  on  the  deeper 
part  by  the  state  of  the  tide  ;  neglect  in  this  respect  may  render 
pumping  necessary  at  great  additional  expense.  As  some  kinds 
of  earth  rapidly  lose  their  adhesion  when  exposed  to  the  weather, 
deep  holes  should  not  be  dug  until  actually  required.  In  bad 
soil  it  sometimes  happens,  if  the  work  of  excavating  be  carried  on 
continuously  by  relays  of  men,  and  the  hole  be  used  immediately 
it  is  ready,  expensive  measures  of  precaution  may  be  dispensed 
with,  and  an  operation  otherwise  very  difficult  and  tedious  may 
be  performed  with  comparative  ease  and  expedition.  The  earth 
is  raised  from  deep  holes — 1.  By  means  of  baskets  hauled  or 
handed  up;  2.  by  platforms  erected  at  every  5  feet  of  the  depth — ' 
the  earth  is  handed  up  by  men  stationed  on  these  platforms  with 
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spades  ;  or,  3.  the  men  at  the  bottom  of  the  hole  fill  baskets, 
•which  are  carried  up  as  filled  by  other  men;  in  this  case  the  sides 
of  the  hole  have  to  be  cut  to  admit  of  the  men  walking  \ip  and 
down,  or  ladders  have  to  be  used.  The  first  and  third  modes  are 
more  generally  applicable  in  India,  and  inclined  planes  of  natural 
earth,  running  round  the  circumference  of  a  conical  hole,  are 
the  cheapest  and  most  convenient  means  of  ascent  and  descent. 
Earth  may  be  thrown  with  the  spade  4  to  5  feet  vertically  up- 
wards, or  6  to  10  feet  horizontally.  Earth  having  a  vertical  face 
may  be  loosened  by  cutting  away  the  earth  underneath  and  at 
the  sides,  and  if  the  eaarth  does  not  crack,  driving  in  wooden 
wedges  above  until  a  quantity  is  broken  off  and  falls;  holes  may 
be  increased  in  width  in  this  manner  with  much  less  labour 
than  would  be  required  to  widen  them  by  digging  from  the  top 
downwards;  soil  for  an  embankment  may  be  loosened  in  this 
manner  if  a  steep  slope  of  earth  be  at  hand.  For  ordinary  poles 
the  holes  are  often  dug  long  and  narrow,  sometimes  with  the 
greatest  diameter  across  the  alignment ;  in  India  they  are  com- 
monly dug  oval  in  plan ;  in  France  they  are  dug  rather  more  than 
a  yard  long,  and  rather  wider  than  actually  necessary  to  insert 
the  post :  the  object  of  greater  length  in  one  direction  is  to  enable 
the  workman  to  use  his  tools  with  the  least  excess  of  excavation 
beyond  that  actually  required  to  insert  the  post.  If  the  post  to 
be  inserted  be  unprovided  with  cross  feet,  buckled  plate,  or 
other  fittings  rendering  a  large  hole  necessary,  the  hole  may  be 
cut  with  a  khuntie  or  other  form  of  jumper;  in  France  the 
holes  are  completed  in  depth  in  this  manner;  in  America,  holes 
15  inches  in  diameter,  are  dug  3  feet  with  the  shovel,  and  then 
2  feet  with  an  auger. 

240.  Holes  for  telegraph  poles  are  sometimes  bored,  a  practice 
lately  adopted  in  England  ;  the  instruments  used  consist  of  the 
jumper  for  hard  soils  and  stones,  and  a  kind  of  worm  for  ordinary 
soil.  The  jumper  is  a  bar  of  wrought  iron,  about  4  feet  long, 
steeled  at  the  cutting  end,  where  it  may  be  terminated  by  a 
chisel  edge  or  a  point.  It  is  used  by  being  raised  and  let  fall 
on  the  rock  to  be  cut,  being  turned  slightly  round  between  each 
blow;  lengthening  rods  or  a  rope  are  applied  to  lengthen  the  tool 
as  the  hole  is  deepened  ;  this  is  the  most  efficient  mode  of  using 
the  jumper,  and  is  termed  churning,  the  jumper  so  used  being 
termed  the  churn  jumper.  Sometimes  the  tool  is  hammered 
instead  of  being  raised  and  let  fall,  but  this  is  less  efficient, 
although  less  destructive  to  the  tool  than  churn  jumping.  The 
worm  is  generally  employed-  for  soft  rock,  but  in  a  modified  form 
this  tool  is  very  economical  for  general  use  for  boring  holes  for 
telegraph  poles ;  this  form  consists  of  a  hollow  rod  terminated 
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by  a  small  boring  screw,  above  this  screw,  is  a  helical  flange,  the 
size  of  the  hole  to  be  bored;  this  flange  is  not  truly  helical,  how- 
ever, thus  it  breaks  the  soil  as  it  is  screwed  in.  The  tool  is 
turned  by  two  men  by-  means  of  a  cross  bar  of  wood,  and  being 
drawn  up  at'  intervals,  it  brings  with  it  the  earth  loosened; 
below  the  flange  is  a  valve  opening  into  the  hollow  stem  of 
the  tool  for  admitting  the  air  into  the  bottom  of  the  hole, 
thus  counterbalancing  the  pressure  of  the  atmosphere  and 
allowing  the  earth  and  tool  to  be  withdrawn  with  greater 
ease.  This  tool  does  not  work  well  in  loose  soil,  as  sand, 
but  in  ordinary  firm  soil  two  men  can  bore  with  it  a  hole 
10  inches  in  diameter  and  4£  feet  deep  in  twenty  minutes. 
For  very  soft  loose  soils  a  tool  termed  an  auger  is  the  most 
economical;  this  is  simply  a  hollow  cylinder  with  a  slit  up  one 
side  and  an  oblique  cutting  edge  at  the  bottom,  it  is  turned 
round  by  two  men  as  the  worm.  The  worm  and  auger  lift  the 
soil,  but  the  jumper  does  not,  and  a  peculiar  kind  of  scoop  called 
a  Spanish  spoon,  or  earth  ladles,  are  used  to  raise  the  broken 
soil.  The  worm  described  above  has  been  patented  in  England. 
The  use  of  boring  tools  for  planting  posts  is  cheaper  than  spade 
digging,  while  the  bored  hole  has  the  following  advantages: — 
First,  It  is  more  accurately  placed,  for  being  very  little  larger  in 
diameter  than  the  post,  the  alignment  pegged  out  cannot  be 
unintentionally  departed  from;  second,  the  soil  not  being  dis- 
turbed close  to  the  post,  the  post  is  much  firmer  immediately  on 
erection ;  third,  a  greater  part  of  the  labour  of  ramming  and  con- 
solidating the  earth  necessary  when  a  large  ,hole  is  dug  is  saved. 
In  Bengal  a  native  using  a  khuntie  can  jump  a  hole  3  feet  deep 
and  8  inches  square,  in  ordinary  soil,  in  twenty  minutes,  using 
his  hands  to  raise  most  of  the  soil.  A  Hamilton's  16-feet  pole 
may  be  broken  transversely,  if  placed  in  a  bored  hole  in  ordinarily 
firm  soil,  by  a  horizontal  force  applied  at  the  summit,  without 
disturbing  the  surrounding  earth;  the  same  pole  with  cross  feet 
placed  in  a  hole  3  feet  square  may  be  pulled  over  immediately 
after  erection,  the  hold  on  the  ground  being  much  less  than  in  the 
former  case,  and  less  than  the  ultimate  load  of  the  post  (5  cwt.  at 
16  feet  from  ground  line).  Most  of  the  wooden  poles  erected  in 
India  were  placed  in  small  holes  jumped  with  the  khuntie,  and 
the  posts  stood  satisfactorily ;  the  British  Government  Postal 
Telegraph  Department  use  boring  tools  for  planting  poles,  with 
satisfactory  results  as  regards  both  efficiency  and  economy. 
For  boring  holes  in  rock  the  jumper  is  the  tool  generally 
employed;  rock  when  very  hard  is  split  by  steel  wedges  driven 
into  holes  cut  with  the  chisel. 

241.  In  filling  in  a  large  hole  round  a  pole  the  earth  should 
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be  carefully  rammed ;  this  may  be  done  by  filling  the  earth  in 
layers,  each  about  9  inches  deep,  and  then  ramming  over  the 
whole  surface,  or  a  man  may  ■walk  round  the  hole  ramming, 
while  another  supplies  the  earth  gradually;  the  addition  of 
stones,  or  a  little  water,  assists  the  process  of  consolidation. 
The  earth  should  be  heaped  round  the  pole,  as  it  will  sink  when 
soaked  by  rain,  and  if  not  heaped  up  a  hollow  will  be  left.  The 
surface  mould  and  grass,  if  any,  should  be  reserved  when  com- 
mencing to  dig,  for  replacing  on  the  top  after  filling  in,  as  it  may 
prevent  the  heap  round  the  pole  being  washed  away  instead  of 
sinking.  Poles  planted  »on  an  incline,  as  the  side  of  a  hill  or 
embankment  of  a  road,  have  a  tendency  to  deviate  from  the 
vertical  line  in  the  direction  of  the  normal  to  the  surface  of  the 
ground;  this  is  very  difficult  to  prevent,  and  should  be  guarded 
against  in  filling  the  hole — the  earth  should  be  more  carefully 
consolidated  on  the  lowest  side,  and  a  small  portion  only  of  the 
surplus  earth  should  be  thrown  on  the  slope  above  the  post.  In 
making  an  embankment  the  first  process  is  removal  of  the  sur- 
face mould  and  grass,  if  any,  reserving  this  for  dressing  the 
slopes.  For  the  body  of  the  embankment  the  earth  should  be 
thrown  down  in  horizontal,  or  preferably  slightly  concave, 
layers,  about  9  inches  thick,  each  layer  carefully  rammed  sepa- 
rately. Water  may  be  sprinkled  over  each  layer  if  the  earth  be 
dry,  to  assist  the  process,  and  care  should  be  taken  that  the  bank 
be  built  up  entirely  of  horizontal  or  concave  layers,  as  earth 
thrown  on  the  sides  is  more  likely  to  slip  than  when  spread 
horizontally.  After  the  required  height  has  been  attained, 
the  slopes  and  top  should  be  trimmed  to  smooth  and  regular 
surfaces,  dressed  with  6  inches  or  more  of  surface  soil  or  clay, 
and  covered  with  sods  or  sown  with  grass  seed.  "When  the 
ground  on  which  an  embankment  has  to  be  made  is  inclined,  its 
surface  should  be  cut  into  steps,  as  shewn  in  fig.  58,  AQ,  to 
prevent  the  earth  of  the 
embankment  from  slipping 
down.     If  the  embankment 

be  exposed  to  still  water,  its  J3     ..ft**— 

sides  maybe  roughly  pitched 
with  dry  stone,  about  a  foot 
thick;  but  the  pitching  with 
stone  is  not  generally  neces-  Fig.  58. 

sary,  and  would,  in   most 

cases,  be  too  expensive.  Stiff  clay  or  river  silt  may  be  rised,  and 
the  slope  should  be  3  or  4  to  1.  An  ordinary  embankment  of 
earth,  covered  with  grass,  is  found  to  resist  the  action  of  water 
sufficiently  well  to  serve  for  supporting  cable  sheds  on  the  low 
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banks  of  rivers ;  if  repaired  regularly,  such  embankments  stand 
well  during  the  rainy  season  in  India,  often  standing  in  several 
feet  of  water  for  long  periods ;  but  after  each  rainy  season  they 
should  be  thoroughly  repaired,  and  rat  holes  and  other  openings 
closed.  The  ground  immediately  surrounding  an  embankment 
should  be  drained,  so  that  water  may  run  off  as  quickly  as 
possible. 

242.  An  embankment  will  sink  after  formation  one-twelfth  to 
one-fifth  of  its  height,  according  to  its  dimensions,  nature  of  the 
soil,  and  the  mode  of  formation;  the  two  latter  conditions  being 
the  same,  the  sinking  has  been  found  to  vary  nearly  as  the  cube  of 
the  height.  Earth  formed  into  an  embankment,  if  well  rammed, 
occupies  less  space  than  before  excavated  by  about  one-tenth  of 
the  earth  excavated;  gravelly  earth  was  found  to  be  compressed 
about  one-twelfth.  The  size  of  the  heap  of  earth  round  a  newly 
erected  telegraph  pole  may  thus  furnish  an  indication  of  the  care 
taken  to  ram  the  earth. 

243.  When  an  embankment  is  required  to  be  watertight,  it 
may  be  made  so  by  means  of  clay  puddle,  made  of  clay  contain- 
ing a  little  sand  freed  from  large  stones,  roots,  &c,  worked  into 
a  paste  with  water,  the  puddle  may  be  covered  over  the  bank  for 
a  depth  of  6  inches  to  1  foot;  but  as  it  is  liable  to  crack  when 
exposed  to  the  sun,  the  best  mode  of  applying  it  is  by  filling 
with  soft  puddle  a  trench  cut  in  the  bank.  The  puddle  is  then 
protected  from  the  action  of  the  air  and  sun ;  such  a  trench  is 
termed  a  puddle  gutter.  The  silt  of  tidal  rivers  may  be  used  as 
puddle. 

244.  The  earthwork  in  telegraph  construction  is  very  simple  in 
form ;  the  cubic  contents  may  be  obtained  nearly  enough  to  the 
truth  by  the  application  of  elementary  formulse,  which  it  is  not 
considered  necessary  to  reproduce. 

245.  The  quantity  of  work  which  can  be  done  by  one  man 
varies  with  the  nature  of  the  soil  to  be  excavated:  in  loose  sand 
or  mould  not  requiring  the  pickaxe,  one  man  in  England  will 
excavate  20  cubic  yards  per  day;  in  compact  earth  or  clay,  the 
pickaxe  being  used,  8  to  10  cubic  yards — the  earth  being  loaded 
into  barrows,  wheeled  by  wheelers.  In  India  it  is  said  to  be 
difficult  in  some  districts  to  get  a  coolie  to  dig  more  than  50 
cubic  feet  per  day  with  European  supervision,  native  contractors 
getting  more  work  out  of  the  men.  In  digging  holes  for  poles 
3  feet  square  and  3  feet  deep,  in  ordinary  soil,  three  holes  or  3 
cubic  yards  is  the  lowest  task  which  should  be  considered  a  day's 
work — 4  cubic  yards  may  frequently  be  obtained.  There  being 
a  difficulty  in  getting  3  yards  done  per  nian,~~fche  men  pleading 
inability  to  do  more,  a  trustworthy  man  was  told  by  the  author 
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to  dig  as  many  such  holes  as  he  could  during  the  day,  as  an 
experiment.  This  man,  although  a  small,  thin  man,  dug  8  cubic 
yards,  and  said  he  could  have  done  10,  but  was  afraid  of  the 
other  coolies.  Four  or  5  cubic  yards  cannot  be  considered  an 
excessive  requirement.  Digging  in  small  holes  is  more  laborious 
than  in  more  extensive  excavations  affording  plenty  of  room  to 
use  the  tools;  the  additional  labour  of  raising  the  soil  from  the 
hole  is  generally  considerable.  In  the  above  estimate  of  work 
clone  by  Englishmen  the  earth  is  assumed  to  be  merely  placed  in 
barrows,  and  not  raised  as  in  digging  a  small  hole.  In  man- 
aging a  gang  of  coolies,  digging  ordinary  pole  holes  the  most 
economical  mode  is  to  allow  no  more  than  one  man  at  each  hole, 
unless  absolutely  necessary,  an  exceptional  case;  to  allow  only 
the  phaora  unless  the  khuntie  or  pickaxe  be  absolutely  necessary, 
and  to  state  the  amount  of  work  considered  a  day's  task,  on  com- 
pletion of  which,  however  early,  the  man  should  be  allowed  to 
leave  work  for  the  day.  By  these  means  waste  of  time  is  pre- 
vented, and  work  may  be  obtained  with  less  supervision.  Upon 
one  occasion,  when  great  difficulty  was  experienced  in  getting  a 
fair  day's  work  done,  by  allowing  the  men  to  leave  work  on  com- 
pleting a  task  the  difficulty  was  removed,  and  the  task  found 
impossible  before  was  completed  by  mid-day.  During  unhealthy 
seasons,  and  when  work  is  carried  on  in  hot  weather,  the  task 
should  be  reduced,  particularly  if  sickness  appears  amongst  the 
men.  The  labour  of  spreading  earth  in  layers  and  ramming  it  is 
from  one  and  a  sixth  to  one  and  a  third  that  of  shovelling  the 
same  quantity  of  earth  into  a  barrow. 

246.  The  following  are  given,  on  the  authority  of  Rankine,  as 
examples  of  the  day's  work  per  man  performed  in  jumping 
holes : — 

Cylindrical  inches  of  hole. 

In  granite  by  hammering,     ....     100  to  150 

In  granite  by  churning, 200  nearly 

In  limestone, 500  to  700 

In  granite  jumpers  require  to  be  sharpened  about  once  for  each 
foot  bored,  and  steeled  once  for  every  16  or  20  feet;  the  length 
of  iron  wasted  in  using  them  is  about  one-tenth  of  the  depth 
bored. 

247.  The  principal  laws  of  the  stability  of  loose  earth  are 
stated  in  Part  I.,  chapter  iii.,  sections  2  and  3.  The  adhesion  of 
earth  is  not  usually  considered,  but  when  undisturbed  this 
adhesion  is  an  important  element  in  holding  poles  fixed  in  the 
ground,  as  will  be  evident  on  consideration  of  the  resistance 
offered  by  the  ground  to  the  movement  of  a  pole  which  has 
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■either  stood  long  enough  for  the  disturbed  earth  to  become  con- 
solidated, or  has  been  placed  in  a  small  hole.  Lateral  support  is 
no  doubt  an  important  element,  increasing  the  resistance  of 
earth  ;  but  the  importance  of  adhesion  in  holding  poles  firmly  is 
proved  by  the  fact,  that  an  ordinary  pole  placed  in  loose  earth 
may  be  readily  dragged  over  by  a  transverse  load,  'whereas  the 
same  pole  inserted  to  the  same  depth  in  the  same  kind  of  soil 
•undisturbed,  may  be  broken  by  a  transverse  load,  without  crack- 
ing the  surrounding  ground.  Hence  the  importance  of  disturbing 
the  surrounding  ground  over  as  small  an  area  as  practicable  when 
digging  pole  holes,  foundation  pits,  &c. 

Section  III. — Foundations. 

248.  A  foundation  is  defined  (Paragraph  145)  as  that  portion 
of  the  earth  on  which  a  structure  immediately  rests ;  in  its 
extended  signification  it  includes  any  works  executed  to  prepare 
the  ground  for  bearing  safely  the  structure  to  be  placed  upon  it, 
as  when  planking  is  placed  over  soft  ground  to  distribute  the 
load.  The  pressure  of  a  structure  on  the  earth  is  resisted  by 
the  friction  and  adhesion  of  the  earth,  but  in  general  the  friction 
alone  is  relied  on  in  earth  commonly  so  called.  A  foundation  on 
land  consists  usually  of,  an  excavation  or  foundation  pit,  and 
where  necessary,  of  a  structure  at  the  bottom  of  the  pit  to  form 
a  secure  base  for  the  principal  structure  to  be  erected ;  in  some 
cases  the  natural  surface  of  the  ground  forms  the  foundation, 
requiring  no  preparation,  as  in  forming  an  embankment  on  firm 
level  ground.  When  the  earth  has  sufficient  stability  to  support 
a  projected  structure  without  an  artificial  base,  the  foundation  is 
termed  natural;  when  the  earth  has  not  sufficient  firmness,  an 
artificial  base  is  necessary  to  enable  the  earth  to  support  the 
weight,  and  the  foundation  is  termed  artificial. 

249.  Most  earth  is  more  or  less  compressed  by  the  weight  of  a 
structure;  the  object  of  preparing  a  foundation  is  to  restrict  their 
sinking  within  the  narrowest  limits,  and  to  ensure  that  such 
slight  sinking  as  is  unavoidable  shall  take  place  equally  over  the 
whole  area  of  the  foundation.  Most  telegraph  structures  are 
composed  of  parts  so  connected  that  unequal  sinking  has  not  to 
be  feared  j  but  in  structures  built  in  courses  as  brickwork  and 
masonry,  of  considerable  weight  and  extent,  but  unsuited  to 
resist  tension,  unequal  sinking,  even  when  slight,  is  exceedingly 
destructive,  rending  the  structure  through  the  whole  extent  of 
its  vertical  height.  The  small  area  covered  by  the  base  of  even 
the  largest  masts  does  not  exceed  16  square  feet,  and  is  often 
much  less,  hence  there  is   no   difficulty  in   selecting   so   small 
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a  site  composed  of  the  same  kind  of  earth ;  but  in  forming  an 
embankment  or  building  a  wall,  care  must  be  taken  to  prevent 
unequal  sinking  of  the  foundation. 

250.  The  conditions  of  stability  of  the  joint  between  a  struc- 
ture and  the  surface  of  its  foundation  are  the  same  as  those  of 
any  other  plane  joint ;  the  surface  of  the  foundation  should  be  as 
nearly  as  possible  perpendicular  to  the  pressure  of  the  intended 
structure,  and  the  centre  of  pressure  should  not  deviate  from7 
the  centre  of  gravity  of  the  base  of  the  structure  beyond  a  cer- 
tain fraction  of  the  diameter  of  that  base,  measured  in  the 
direction  of  the  deviation  (Paragraph  163).  It  is  evidently 
necessary  that  the  earth  immediately  beneath  a  structure  be  not 
disturbed  by  the  action  of  water,  by  the  alternate  contraction 
and  expansion  and  disintegration  consequent  on  exposure  to  the 
changes  of  weather ;  hence,  even  when  the  earth  is  firm  enough 
to  bear  a  structure  on  its  surface,  excepting  in  the  cases  of 
embankments  and  foundations  on  rock,  structures  have  their 
bases  below  the  natural  surface  of  the  ground.  In  Britain  the 
depth  should  be  at  least  3  feet  for  sand  and  4  for  clay ;  in 
most  parts  of  India  frosts  do  not  occur,  and  the  changes  of 
temperature  being  less  extreme,  the  depth  at  which  foundations 
should  be  placed  to  ensure  protection  from  atmospheric  changes 
is  not  usually  so  great;  but  in  some  soils  the  alternations  of 
great  heat  and  excessive  dryness  with  the  heavy  rains  of  the 
wet  seasons,  may  more  than  counterbalance  the  advantage  of 
more  uniform  temperature. 

251.  Foundations  on  rock  merely  require  that  the  rock  be 
reduced  to  a  level  surface,  or  a  series  of  steps  perpendicular  to 
the  direction  of  the  pressure  of  the  intended  structure ;  soft  and 
loose  pieces  of  rock  should  be  cut  away,  and  the  hollows  filled 
with  beton  or  concrete  pr  rubble  masonry;  for  a  mast  it  is 
merely  necessary  to  jump  or  cut  a  hole  for  the  foot  of  the  mast 
to  prevent  lateral  motion.  The  extreme  intensity  of  pressure 
admissible  on  a  rock  foundation  is  one -eighth  of  that  which 
would  crush  the  rock.  Professor  Rankine  states  the  ordinary 
average  pressure  of  foundations  on  rock  at  least  as  strong  as  the 
strongest  red  brick,  to  be  about  9  tons  per  square  foot ;  while 
on  sandstone  so  soft  that  it  crumbles  in  the  hand,  If  -ton  is 
borne  with  safety. 

252.  Foundations  in  earth  depending'for  its  stability  on  fric- 
tion alone,  depend  for  their  security  upon  the  fulfilment  of  the 
condition  that  the  weight  of  earth  displaced  by  the  foundation 
shall  not  bear  less  than  a  certain  ratio  to  the  weight  of  the 
structure  to  be  supported ;  this  ratio  depends  on  the  angle  of 
repose  of  the  earth,  and  the  mass  displaced  is  as  the  product  of 
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the  depth  and  area  of  the  foundation  pit ;  in  other  words,  the  less 
the  frictional  stability  of  the  earth  the  greater  must  be  the  cubic 
capacity  of  the  foundation  pit.  In  firm  earth  the  greatest  pres- 
sure per  square  foot  varies  from  one'to  upwards  of  one  and  a 
half  ton,  and  within  these  limits  it  is  not  necessary  to  dig  the 
foundation  pit  below  the  distance  necessary  to  render  the 
foundation  secure  against  the  injurious  effects  of  changes  of 
weather.  In  soft  earth,  which  will  not,  unless  certain  pre- 
cautions be  taken,  support  the  structure  with  safety,  it  would  be 
too  costly  to  excavate  very  deeply  in  order  that  the  weight  of 
earth  displaced  by  the  foundation  should  bear  the  necessary 
ratio  to  the  weight  of  the  structure  to  be  supported ;  in  this  case 
the  pressure  is  distributed  over  an  increased  area  by  an  artificial 
foundation.  Let  x  represent  the  depth  of  the  foundation,  w  the 
weight  of  a  cubic  foot  of  the  earth,  and  <p  its  angle  of  repose ; 
if  the  pressure  of  the  structure  be  uniformly  distributed  over 
its  foundation  and  the  intensity  of  the  pressure  be  p,  the  weight 
of  earth  displaced  by  the  foundation  should  not  bear  a  less  ratio 
to  the  weight  of  the  structure  than  that  given  below — 

—  should  not  be  less  than  [■= : — -  I    (1.) 

p  \l  +  sin^>/  x    ' 

If  the  pressure  be  not  uniform,  but  uniformly  varying,  then 
the  quantity  p  in  the  above  formula  should  be  replaced  by  the 
greatest  intensity  of  pressure,  and  in  addition  the  least  intensity 
must  not  be  less  than  wx.  Some  examples  of  the  value  of  the 
function  of  the  angle  of  repose  are  as  follows  : — 

(1  _  oin  rf>\  2  15°      j       20»      I       25"      I      30"       I      35°      I      40"      |        45° 

,  v  )  =  0-346  0-224  0-165  0-1 11  0-073  0-047  0-0295 

1  +  sin  <p)  '  l  '  ' 

In  applying  the  above  formula  the  quantities  p  and  w  are 
fixed,  and  x  has  to  be  adjusted;  but  if  x  be  large,  it  becomes 
necessary  either  to  dig  deeply  and  fill  the  hole  to  a  certain 
height  with  some  stable  material  on  which  to  erect  the  required 
structure,  or  the  foundation  pit  may  be  made  much  wider  than 
actually  required,  and  filled  with  stable  material  to  reduce  the 
intensity  of  pressure  (p)  by  spreading  the  load  over  greater 
surface  of  foundation. 

253.  Where  the  ground  is  soft,  but  not  so  soft  as  to  be  semi- 
fluid, as  mud,  silt,  or  peat,  it  may  be  treated  in  one  of  two  ways: 
—First,  The  ground  may  be  consolidated  by  driving  piles  until 
it  is  so  compressed  that  the  piles  are  prevented  from  sinking  by 
friction.  The  piles  may  be  of  wood,  iron  screw  piles,  or  of  sand; 
the  last  are  made  by  boring  holes  in  the  ground  with  a  large 
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auger  and  filling  them  -with  sharp  sand.  Piles  must  be  used 
■with  great  caution,  as  they  break  up  the  ground;  piles  and  the 
pile-driving  machine  are  usually  excluded  on  account  of  expense. 
When  piles  are  thus  used  to  consolidate  the  earth,  it  may  be 
considered  in  applying  the  formula  given,  that  a  trench  has  been 
dug  to  the  depth  the  piles  are  driven,  and  filled  with  stable 
material.  Second,  the  intensity  of  the  pressure  may  be  reduced 
by  distributing  the  weight  of  the  structure  over  an  area  increased 
by  artificial  foundation:  in  this  case  the  trench  may  be  filled 
with  sand,  gravel,  broken  stone,  beton,  or  concrete;  if  a  solid 
mass  be  used,  as  concrete,  the  pressure  may  be  considered  as 
distributed  over  the  whole  surface  of  the  layer,  provided  this 
layer  do  not  extend  beyond  the  base  of  the  superposed  structure 
by  a  distance  greater  than  its  thickness;  if  loose  materials  be 
used  the  intensity  of  pressure  should  be  calculated  on  the  area 

(1  —  sin  0  \  ^ 
= ; — -  1    be  represented 

by  k,  and  w1  be  the  weight  in  lbs.  of  a  cubic  foot  of  the  material 
with  which  the  trench  is  to  be  filled,  being  about  90  lbs.  for 
sand,  then  the  required  depth  x  of  the  foundation  pit  is  given  by 
applying  formula  (1) — 

*=-#-,; (2.) 

vr-wk  v    ' 

If  the  structure  to  be  erected  on  the  artificial  foundation  be  an 
embankment,  then  the  sides  of  the  foundation  pit  should  be 
inclined  at  the  angle  of  repose  of  the  soft  material  of  the  ground, 
and  only  the  slopes  of  the  embankment  should  be  placed  verti- 
cally above  the  slopes  of  the  foundation,  the  upper  edge  of  the 
embankment  slope  being  vertically  above  the  lower  edge  of  the 
slope  of  the  excavation.  In  applying  sand  or  gravel,  it  should 
be  well  rammed  in  layers  of  not  more  than  1  foot  thick;  if  con- 
crete be  used  it  should  be  also  well  rammed  and  allowed  to  set 
before  being  loaded.  If  the  pit  be  near  a  river  so  that  the 
foundation  is  for  a  long  period  below  water,  common  concrete  is 
wasteful,  as  the  lime  is  soon  removed  and  the  mass  is  reduced  to 
the  condition  of  gravel — it  is  obvious  gravel  is  equally  useful  and 
cheaper;  in  such  cases  gravel  should  be  employed,  or  if  concrete 
be  used  it  should  be  hydraulic — ie.,  blton.  It  will  frequently 
be  found  cheaper  to  apply  one  of  the  expedients  described  below 
rather  than  concrete  or  bSton. 

254.  When  the  earth  is  very  soft,  almost  semi-fluid,  as  mud, 
silt,  peat,  &c,  the  best  kind  of  artificial  foundation  is  a  platform 
of  planks,  formed  either  of  a  grating  of  timber  planked  over,  or 
of  planks  in  two  layers,  those  in  one  layer  being  at  right  angles 
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to  those  in  the  other;  or  a  platform  of  fascines  or  fagots  placed  in 
layers,  those  in  each  layer  being  placed  at  right  angles  to  those 
in  the  layers  immediately-  above  and  below;  these  are  staked  and 
lashed  together  to  form  a  kind  of  platform,  a  layer  of  sand, 
gravel,  or  other  stable  material  is  spread  over  the  platform  to 
distribute  the  pressure,  and  on  this  the  principal  structure  is 
commenced.  These  foundations  may  be  expected  to  sink  a 
little,  and  the  load  should  be  distributed  over  them  as  equally 
as  possible.  Timber  under  wet  earth  is  very  durable,  and  may 
be  safely  used;  but  near  the  surface  and  in  dry  earth  it  decays, 
and  is  attacked  by  insects. 

255.  When  a  firm  stratum  underlies  a  very  soft  one,  piles 
or  other  supports  may  be  put  down  to  rest  on  the  firm 
stratum  and  form  a  foundation;  but  this  work  is  very  expen- 
sive, and  the  expedients  already  given  will  generally  be  found 
sufficient.  Sand  and  gravel  are  excellent  for  foundations 
so  long  as  they  are  not  exposed  to  the  action  of  water,  and 
are  not  allowed  to  escape;  but  if  they  be  exposed  to  the  action 
of  water  and  be  not  confined,  they  lose  their  frictional  stability 
and  ooze  away  from  under  the  structure;  hence,  in  placing  a" 
structure  on  sand  or  gravel,- or  using  such  materials  for  artificial 
foundations,  this  property  must  be  considered.  An  excavation 
near  a  structure  on  a  foundation  of  wet  sand  may  cause  sinking, 
in  consequence  of  the  oozing  out  of  the  sand;  it  is  usual  when 
such  is  to  be  feared,  to  surround  the  foundation  with  sheet  piling, 
to  sink  iron  cylinders,  to  use  caissons,  <fcc.  If  a  stratum  of  firm 
ground  have  beneath  it  a  soft  soil,  formulae  1  and  2  should  be 
applied  to  find  if  the  thickness  of  firm  soil  is  sufficient  to  bear 
the  weight  of  the  structure. 

256.  In  making  a  foundation  under  water  the  methods  em- 
ployed have  the  same  end  in  view,  and  are  in  principle  the  same 
as  in  land  works;  the  mode  of  execution  is  necessarily  modified 
by  the  altered  circumstances  of  the  case.  If  the  water  be  run- 
ning and  the  ground  likely  to  scour,  the  work  is  most  difficult 
and  necessarily  expensive;  probably  screw  piles  are  best  adapted 
to  the  cases  likely  to  arise  in  practice,  a  number  of  piles  being 
screwed  into  the  ground  to  the  firm  stratum,  or  beyond  the 
possibility  of  being  loosened  by  scour,  a  platform  is  erected  over 
their  heads.  The  platform  may  be  of  timber  or  of  iron  bolted 
to  the  pile  heads.  The  piles  when  they  stand  much  above 
ground,  should  be  braced  together  by  means  of  cross  and  diagonal 
irons  fastened  with  bolts,  the  whole  forming  a  firm  foundation 
on  which  to  erect  the  required  structure.  The  great  advantage 
of  screw  piles  over  timber,  in  the  case  supposed  above,  is  the 
ease  with  which  they  may  be  driven,  requiring  no  pile  driving 
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machine ;  they  should  be  of  small  diameter  in  the  rod,  and  driven 
by  means  of  strong  iron  levers  gripping  the  pile  on  the  principle 
of  the  gas  tongs.  It  is  very  seldom  necessary  to  erect  a  mast  or 
pillar  in  running  water  as  supposed  above,  but  it  commonly 
occurs  that  masts  have  to  be  erected  in  places  which  for  long 
periods  are  under  water;  the  work  can  generally  be  carried  on 
when  the  water  is  either  very  low  or  entirely  absent.  In  mak- 
ing a  foundation  in  still  water  on  soft  soil  not  likely  to  scour, 
if  the  water  periodically  subsides  the  foundation  may  be  the 
same  as  for  the  similar  case  on  land;  if  the  water  cannot  be 
excluded,  and  it  beconfes  necessary  to  construct  a  foundation  on. 
the  soft  bottom,  a  platform  of  fascines  or  timber  may  be  loaded 
with  stones  or  other  suitable  material  sunk  on  the  spot,  and  an 
embankment  of  stones  or  other  available  material  formed  on 
this  platform  to  receive  the  superstructure.  In  telegraph  struc- 
tures the  commonest  case  occurring  in  practice  is  that  of  a  high 
mast  to  be  erected  on  a  river  bank;  the  soil  is  frequently  bad  ; 
often  to  reduce  the  span  the  masts  are  erected  on  ground  liable 
to  inundation,  and  the  foundations  are  generally  necessarily 
carried  below  the  firm  surface  soil,  in  order  to  get  a  firm  hold  on 
the  ground;  but  unequal  sinking  has  not  to,  be  feared,  and  the 
pressure  may  easily  be  distributed  by  any  of  the  modes  described, 
generally  at  very  small  additional  expense.  Considerable  sinking 
of  a  mast  on  the  rising  of  the  adjacent  river,  by  loosening  the 
stays  may  endanger  the  structure.  Some  rivers  have  to  be 
crossed  by  masts  placed  in  the  stream,  stays  are  then  inadmis- 
sible, as  they  catch  driftwood  and  may  cause  the  mast  to  be 
carried  away ;  it  is  essential  in  this  case  that  the  mast  be  firmly 
fixed,  as  additional  stiffness  should  be  gained  by  fixing  the  end, 
and  consequently  the  foundation  be  constructed  with  great  care, 
to  avoid  unnecessary  expense.  River  cable  huts  have  often  to 
be  erected  on  ground  liable  to  be  rendered  unsafe  by  inundation  ; 
by  the  means  indicated  such  ground  may  be  made  to  bear  the 
embankment  safely,  and  an  embankment  may  with  due  pre- 
caution be  formed  in  a  situation  where  at  first  sight  it  might 
appear  impossible  for  it  to  last.  By  the  use  of  fascines  and  stable 
material  a  path  may  be  made  through  the  mud  of  a  river  bank 
to  a  cable  house  which  at  low  water  could  only  be  approached 
with  great  difficulty  by  wading  through  the  mud.  Foundations 
are  greatly  improved  by  being  drained,  but  this  resource  is 
seldom  at  command.  The  use  of  the  excellent  appliances  com- 
monly employed  in  great  engineering  works  is  excluded  by  reason, 
of  the  smallness  of  theindividual  works,  the  infrequence  of  theoccur- 
rence  of  the  difficulties,  and  the  disproportionate  cost  of  the  appli- 
ances and  their  carriage  to  the  cost  of  the  work  to  be  constructed. 
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Section  IV. — Cementing  Materials. 

257.  Calcareous  cements,  as  their  name  implies,  have  for  their 
essential  ingredient  lime.  Gypsum,  or  plaster  of  Paris,  is  pure 
sulphate  of  lime  ;  the  other  calcareous  cements  are  composed  of 
hydrate  of  lime  combined  mechanically  with,  certain  matters  to 
increase  the  bulk,  with  a  view  to  economy  and  diminution  of  the 
variation  of  bulk  which  takes  place  when  the  cement  hardens  or 
sets,  and  frequently  combined  also  with  matters  which  by  their 
chemical  properties  modify  materially  the  properties  of  the  mass. 
The  hardening  of  gypsum  is  due  to  the  combination  of  the  sulphate 
of  lime  with  water;  other  calcareous  cements  solidify  by  reason  of 
the  lime  combiningwith  carbonic  acid  to  form  the  carbonate  of  lime, 
by  combination  of  the  lime  with  silica,  and  again  into  compound 
silicates  with  other  bases,  principally  alumina,  or  these  two  causes 
may  operate  together  to  produce  the  effect. 

258.  Pure,  rich,  or  fat  lime  is  obtained  by  calcining,  at  a  bright 
red  or  higher  heat,  limestones  consisting  of  almost  pure  carbonate 
of  lime,  as  chalk  or  marble ;  the  process  takes  thirty  to  fifty  hours, 
at  the  end  of  which  time  the  carbonic  acid  and  water  if  any,  in 
combination  with  the  lime  have  been  driven  off,  and  pure  quick- 
lime or  caustic  lime  remains.  The  chemical  equivalents,  of  lime 
being  57  and  of  carbonic  acid  44,  pure  carbonate  yields  about 
56  per  cent,  of  lime.  Jthe  stones  are  burnt  either  in  permanent 
or  temporary  kilns,  varying  greatly  in  shape  and  size,  seldom 
exceeding  12  feet  i^i  height;  the  fuel  employed  in  England  is 
usually  coal,  the  quantity  used  being  about  one-fifth  to  one-sixth 
of  the  lime  produced.  In  India  the  fuel  most  economically 
obtained  on  the  spot  is  employed — wood,  charcoal,  or  dried  cow- 
dung  being  used,  according  to  circumstances ;  the  latter,  how- 
ever, is  least  suitable  to  the  purpose ;  fuel  being  easier  transported 
than  stones,  it  is  usual  to  burn  the  stones  near  to  where  found, 
and  in  temporary  kilns.  Whatever  the  original  colour  of  the 
stones,  the  lime  is  quite  white  or  light  brown  in  colour;  it  has  no 
tendency  to  recombine  with  carbonic  acid  so  long  as  it  is  kept  dry. 
"When  mixed  with  water  rich  lime  swells  to  from  two  and  a  half 
to  three  and  a  half  times  its  original  bulk,  becomes  very  hot,  and 
falls  to  a  fine  powder ;  this  powder  is  the  hydrate  of  lime,  being  a 
combination  of  lime  with  one  equivalent  of  water;  the  composition 
of  the  hydrate  is  therefore  76  per  cent  lime  and  24  per  cent, 
water.  The  hydrate  is  sparingly  soluble  in  water,  therefore  by 
the  application  of  abundance  of  water  the  lime  may  be  completely 
dissolved.  In  the  state  of  hydrate  the  lime  has  a  great  affinity 
for  carbonic  acid  ;  slow  combination  with  the  carbonic  acid  present 
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in  the  atmosphere  and  crystallisation  of  the  resultant  carbonate 
of  lime  produce  after  the  lapse  of  years  a  very  hard  material. 
The  absorption  of  carbonic  acid  is  most  energetic  at  first,  and 
progresses  slower  in  each  successive  interval  of  time;  thus  the 
lime  does  not  appear  to  ever  recover  the  full  equivalent  of  the 
gas  it  was  combined  with  when  a  component  of  the  natural  lime- 
stone. One  year  a£ter  mixture  lime  acquires  a  tenacity  of  40  lbs.  per 
square  inch  (Vicat).  It  is  essential  to  the  hardening  of  rich  lime — 
1.  that  the  water  combined  with  it  mechanically  and  chemically 
should  be  allowed  to  escape,  and,  2.  that  carbonic  acid  be  present; 
if,  therefore,  a  paste  be*  made  with  rich  lime  this  paste  will  not 
harden  under  water.  If,  however,  the  water  mixed  with  the  lime 
be  rapidly  evaporated  or  otherwise  removed,  the  carbonate  of  lime 
as  formed  will  not  be  in  a  solid  mass,  but  will  fall  to  powder. 
Slow  evaporation  of  the  water  is  favourable  to  the  ultimate  hard- 
ness of  the  carbonate. 

259.  A  mixture  of  slaked  lime  and  sand  made  into  a  paste  with 
water  is  termed  mortar;  the  consolidation  of  the  mixture  depends 
entirely  on  the  properties  in  this  respect  of  the  lime  as  described 
above,  the  sand  forming  with  the  hydrate  and  ultimately  with 
the  carbonate  a  mechanical  mixture  only.  The  sand  is  used  to 
increase  the  bulk  of  the  mortar,  and  thus  economise  lime;  to 
increase  the  resistance  of  the  mortar  to  crushing — it  diminishes, 
however,  the  tensile  strength,  and  if  too  much  be  added  the  mortar 
will  fall  to  powder  as  it  sets;  and  to  diminish  the  amount  of 
shrinking  as  the  mortar  solidifies.  The  quantity  of  sand  may 
be  as  much  as  three  times  that  of  the  lime,  but  above  two  and  a 
half  times  there  is  a  decided  deterioration  in  strength;  2'4-  parts 
of  sand  to  one  of  pure  slaked  lime  in  paste  is,  according  to  Vicat, 
the  best  proportion.  The  sand  should  be  very  clean,  being  washed 
if  necessary  to  remove  loam  or  clay ;  it  should  not  be  very  fine  nor 
exceedingly  coarse,  and  rough  angular  grained  sand  is  better  than, 
smooth;  pit  sand  is  preferable  to  river  sand;  sea  sand  should  be 
washed  to  remove  salt  before  being  used.  The  lime  should  be 
slaked  twelve  to  twenty-four  hours  before  being  made  into  mortar, 
and  covered  up  till  wanted;  care  should  be  taken  not  to  add  too 
much  water,  as  the  process  is  thereby  hindered,  and  the  lime  is 
said  to  be  drowned.  Care  should  be  taken  that  the  process  of 
slaking  has  taken  place  throughout  the  whole  mass,  as  if  unslaked 
lime  exist  in  mortar  the  expansion  consequent  on  its  slaking  in 
the  joints  of  a  building  may  rend  the  work.  The  quantity  of 
water  necessary  will  in  general  be  between  one-third  and  one- 
half  the  bulk  of  the  lime.  The  tenacity  of  common  mortar  varies 
between  21  lbs.  per  square  inch  for  bad,  and  51  lbs.  for  good 
quality,  one  year  after  mixture  (Vicat).     Its  resistance  to  crush- 
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ing  18  months  after  mixture  varies  between  440  lbs.  and  800  lbs. 
per  square  inch,  according  to  the  quality  of  sand  used,  and 
■whether  it  be  beaten  or  not — the  proportionate  increase  of  strength 
16  years  after  mixture  is  one-eighth  (Rondelet).  The  above 
figures  are  adopted  by  Rankine,  and  are  confirmed  by  other 
observers ;  thus,  Colonel  Trotten  found  the  tenacity  of  >fat  lime 
mortar  six  months  old  to  vary  between  23 -4  lbs.  per  square  inch 
with  equal  parts  sand  and  lime,  and  20"1  lbs.  with  2|  parts 
sand  to  1  of  lime ;  when  four  and  a  half  years  old  these  numbers 
were  raised  to  404  and  298  respectively — the  lime  was  measured 
in  paste.  The  above  figures  appear  to  give  the  limits  of  variation, 
but  mortar  in  the  interior  of  thick  masonry  must  be  a  long  time 
acquiring  any  considerable  degree  of  strength,  and  probably 
seldom  if  ever  attains  the  strength  acquired  in  a  few  years  by 
that  more  exposed.  In  India  it  is  a  common  practice  to  mix  a 
little  coarse  sugar  (jaghery  or  goor)  with  the  water  used  to  make 
common  mortar,  this  hastens  the  setting  of  the  mortar.  Captain 
Smith  found  that  mortar  13  years  old  made  of  1  part  common 
shell  lime  to  1|  sand  mixed  with  water  containing  1  lb.  of 
jaghery  per  gallon,  had  a  tensile  strength  of  6J  lbs.  per  square 
inch,  while  the  tenacity  of  similar  moi'tar  prepared  without  the 
jaghery  was  only  4|  lbs  per  square  inch.  M.  A.  Morin's  tables 
in  the  Aide  Memoire,  compiled  after  reference  to  the  works  of 
Vicat,  Rondelet,  Gauthey,  and  G-.  Resine  are  incorrect;  it 
appears  the  word  millimetre  has  been  used  erroneously  for  centi- 
metre :  this  mistake  is  not  made  in  the  Resistance  des  Materiaux  by 
the  same  author,  but  the  errors  have  been  copied ;  thus,  in  the 
Roorkee  College  manual,  on  The  Strength  of  Materials,  mortar 
is  erroneously  stated,  on  the  authority  of  M.  Morin,  to  have  a 
tenacity  of  5,975  lbs.  per  square  inch,  brick  a  tenacity  of  27.740 
lbs.,  &c. — these  numbers  should  be  divided  by  100. 

260.  If  instead  of  a  pure  limestone,  a  limestone  containing 
from  10  to  30  per  cent,  of  silicates  of  alumina,  or  of  alumina  and 
iron,  be  calcined,  the  result  is  not  rich  lime,  but  a  mixture  of 
pure  lime  and  the  silicates,  termed  hydraulic  lime;  with  a  larger 
proportion  of  silicates,  from  10  to  60  per  cent.,  the  product  is 
called  natural  cement,  the  two  materials  not  being  distinguished 
from  each  other  by  a  defined  line.  Hydraulic  lime  may  be 
feebly  hydraulic  and  differ  but  little  from  rich  lime,  or  strongly 
so,  according  to  the  proportion  of  silicates.  The  properties  of 
hydraulic  lime  are  as  follows  : — It  slakes  less  rapidly  than  pure 
lime ;  it  solidifies  by  reason  of  the  lime  combining  with  the 
silicates  to  form  silicates  of  lime,  alumina,  iron,  and  any  other 
bases  present,  and  by  the  lime  in  excess  acting  as  a  rich  lime 
and  forming  a  carbonate.     Strongly  hydraulic  lime  slakes  very 


HYDRAULIC  LIME  AND  MORTAR — POZZOLANAS.  171 

imperfectly,  and  it  is  hence  necessary  to  grind  it  to  a  fine 
powder  before  slaking ;  not  depending  for  its  property  of  harden- 
ing on  the  presence  of  carbonic  acid,  it  hardens  (although  slowly) 
under  water,  and  it  should  not  therefore  be  slaked  in  large 
quantities.  As  it  slakes  with  difficulty,  it  should  be  left  for 
twenty-four  to  forty-eight  hours  after  slaking,  to  make  sure  the 
maximum  expansion  has  taken  place  before  employment  in 
mortar.  Less  water  is  required  to  slake  hydraulic  than  rich 
lime,  the  action  not  being  so  energetic  in  the  latter  case  the 
evolution  of  heat  and  consequent  evaporation  are  less.  The 
lime  expands  or  contracts  in  setting  according  as  the  silica  or 
alumina  is  excessive,  hence  excess  of  either  is  to  be  avoided. 
Instead  of  burning  limestones  containing  clay,  hydraulic  lime  may 
be  made  artificially  by  mixing  slaked  rich  lime  and  clay  or  chalk 
and  clay  together,  forming  a  paste  with  water,  and  dividing  the 
mass  into  small  pieces,  generally  balls,  two  or  three  inches  in 
diameter,  and  after  drying  these  pieces  in  the  sun  calcining 
them.  In  making  mortar  with  hydraulic  lime,  termed  hydraulic 
mortar,  the  proportion  of  sand  used  must  be  less  than  in  the 
case  of  common  mortar,  and  less  as  the  lime  is  more  hydraulic ; 
strongly  hydraulic  lime  of  good  quality  will  not  bear  more 
than  two  parts  by  measure  of  sand  to  one  of  slaked  lime  in 
paste — in  general  less  should  be  used.  The  mortar  should  be 
mixed  only  as  required  for  use.  Hydraulic  mortar  is  stronger, 
and  attains  its  greatest  solidity  more  quickly  than  common 
mortar  ;  clean  sand  should  be  used,  but  sea  sand  and  sea  water 
are  admissible.  Rapid  dessication  is  more  injurious  to  the 
strength  of  hydraulic  than  to  that  of  common  mortar;  the 
admixture  of  organic  matter  and  clay  with  a/ny  mortar  is  very 
prejudicial,  hence  the  sand  to  be  used  should  be  carefully 
washed.  Hydraulic  mortar  eighteen  months  old  offers  a  much 
higher  resistance  to  crushing  than  is  offered  by  common  mortar 
sixteen  years  old ;  this  strength  is  said  to  increase  one-fourth. 
Good  hydraulic  lime  has  about  four  times,  and  ordinary  quality 
about  three  times,  the  tenacity  of  rich  lime  one  year  after 
mixture ;  its  tenacity  varies  between  100  and  170  lbs.  per  square 
inch.  The  tenacity  of  good  hydraulic  mortar  is  140  lbs.,  and  of 
ordinary  quality  85  lbs.,  per  square  inch  one  year  after  mixture 
(Vicat). 

261.  Common  mortar  may  be  made  hydraulic  by  mixing  with 
it  pozzolanas :  these  are  mixtures  of  burnt  clay  and  silica  con- 
taining little  or  no  lime,  and  are  natural  productions  of  volcanic 
districts ;  iron  scale  and  mine  dust  serve  the  purpose,  and  burnt 
clay  ground  to  powder  (termed  siirki)  is  an  instance  of  an 
artificial  pozzolana  in  common  use  in  India.     The  proportions 
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are  usually  one  part  of  pozzolana  to  two  parts  of  hydraulic  lime, 
but  these  must  depend,  on  the  proportion  of  silicates  in  the 
hydraulic  lime  used,  the  pozzolana  being  used  to  compensate 
for  the  deficiency  of  hydraulic  properties  in  the  lime.  When  a 
mixture  of  sand  and  pozzolana  are  to  be  used  with  pure  lime  to 
make  hydraulic  mortar,  two  to  three  measures  of  the  mixture 
may  be  used  to  one  measure  of  unslaked  lime.  Mortar  made 
hydraulic  by  the  addition  of  artificial  pozzolanas  is  unsuitable 
for  work  exposed  to  the  action  of  sea  water  ;  for  although  it  sets 
well  at  first  in  such  situations,  it  has  been  found  disintegrated 
after  a  few  years'  exposure.  Artificial  pozzolana  does  not 
deteriorate  by  exposure  to  air  and  humidity,  hence  old  bricks 
may  be  used. 

262.  Cements  are  distinguished  from  hydraulic  limes  by  con- 
taining silicates  in  that  proportion  required  to  combine  exactly 
with  the  whole  of  the  quicklime  present ;  thus,  when  cement 
has  set  it  contains  no  carbonate  of  lime,  but  is  composed  entirely 
of  compound  salt  of  silica  with  lime  and  alumina,  sometimes 
with  iron  and  other  bases  when  such  are  present.  The  com- 
position of  the  best  cement  is — 

2  equivalents  of  lime,     .         .     57  x   2  =  114-0 

1  equivalent  of  alumina,         .  102'8 

2  equivalents  of  silica,   .         .     93  x   2  =  186'0 

402'8 
On  the  addition  of  water  this  compound  forms  a  compact 
stone,  composed  of  the  double  silicate  of  lime  and  alumina.  A 
cement  made  by  calcining  stones  containing  lime  and  silicates  in 
the  necessary  proportions,  is  termed  natural;  if  made  by  cal- 
cinirig  an  artificial  mixture  of  either  ground  chalk  or  pure  lime 
with  clay,  it  is  termed  artificial ;  the  latter  is  usually  burnt  in 
balls  two  or  three  inches  in  diameter,  and  is  at  least  equal  to 
natural  cement.  The  proportion  of  clay  to  lime  or  chalk  varies 
— four  parts  clay  to  six  parts  chalk  is  a  common  proportion,  but 
the  best  proportion  depends  on  the  composition  of  the  clay. 
When  quicklime  is  used,  it  should  be  slaked  before  mixture 
with  the  clay.  About  three  hours  is  the  average  time  required 
for  calcination,  the  completeness  of  which  is  tested  by  hydro- 
chloric acid  causing  no  effervescence.  Comparing  brick  and 
hydraulic  and  common  mortars,  the  relative  tenacity  of  each, 
bad  common  mortar  being  one,  is  as  follows : — 

Relative  Tenacity. 

Common  mortar,  .  .  .  .  1-0  to  2-5 
Hydraulic  mortar,  ....  4-25  „  7-0 
Brick, 14-0     „  15-0 
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Hydraulic  mortar  is  used  for  important  works;  structures  built 
with  common  or  feebly  hydraulic  mortar  may  have  the  mortar  pro- 
tected by  fillingthe  outside  surfaces  of  the  joints  with  cement  (point- 
ing), but  this  must  hinder  the  hardening  of  the  interior  mortar. 

263.  The  principal  conditions  to  be  observed  in  applying  the 
above  described  cementing  materials  are  the  following  : — The 
mortar  or  cement  should  be  used  in  a  rather  stiff  paste ;  the 
stones  or  bricks  to  be  cemented  should  be  clean ;  those  which 
are  very  porous  should  be  soaked  in  water,  and  all  others  well 
wetted  to  prevent  rapid  absorption  of  moisture  from  the  cement- 
ing material ;  the  joints»should  be  as  thin  as  possible,  and  every 
block  should  be  well  pressed  home,  in  order  that  no  vacuities 
be  left  in  the  joint.  Mortar  is  sometimes  used  fluid,  it  is  then 
poured  into  the  work  (grouting),  but  it  is  inferior  in  strength  to 
mortar  made  with  less  water.  Mortar  adheres  most  strongly  to 
bricks  and  least  to  wood ;  of  stones  of  the  same  kind  it  adheres 
most  to  the  roughest  and  most  porous,  amongst  different  stones 
it  adheres  most  to  limestones  and  least  to  sandstones.  For  the 
first  few  years  the  adhesion  of  mortar  to  stone  and  brick  is 
greater  than  its  own  cohesion.  Hydraulic  cements  adhere  to 
polished  as  well  as  to  rough  surfaces,  hence  they  may  be  used 
to  cement  porcelain  and  iron  as  in  cementing  stalks  and  cups 
in  insulators,  for  which  they  are  admirably  suited,  and  to  which 
purpose  they  are  frequently  applied  (Paragraph  290).  Portland 
cement  is  an  artificial  cement  manufactured  from  chalk  or  lime- 
stone and  clay.  Roman  or  Parker's  cement  is  a  natural  cement 
made  from  stone.  Cements  do  not  slake,  they  set  in  water  or  air 
in  a  few  minutes,  and  become  very  hard  in  a  month ;  the 
admixture  of  sand  with  cement  diminishes  its  tenacity,  and 
should  be  avoided  where  great  strength  is  required.  Shrinking 
and  cracking  are  reduced  by  the  admixture  of  sand  when  the 
cement  has  to  dry  fully  exposed  to  the  air,  and  sand  is  some- 
times mixed  with  cement  to  increase  the  bulk  of  the  material 
and  thus  reduce  its  cost.  The  proportions  vary  between  one 
and  two  parts  of  cement  to  one  of  sand.  Experiments  made  at 
Chatham  in  1857,  proved  that  Portland  cement  deteriorated  much 
more  by  admixture  of  sand  than  Eoman  cement : — when  11  and 
30  days  old  a  mixture  of  one  part  cement  to  two  parts  sand  was 
somewhat  less  than  half  as  tenacious  as  pure  cement ;  the  experi- 
ments were  made  by  tearing  joints  asunder.  Professor  Rankine 
states  that  a  mixture  of  equal  parts  sand  and  cement  is  only  one- 
fourth  as  tenacious  as  pure  cement;  this  estimate  appears  too  low. 
Mr.  Grant  made  an  exhaustive  series  of  experiments  on  Portland 
cement  of  the  best  quality.  The  tenacity  of  cement  weighing 
112  lbs.  per  bushel  was — one  week  after  mixture,  200,  one  month, 
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300,  and  one  year,  480  lbs.  per  square  inch  ;  of  equal  parts  cement 
and  sand  the  tenacity  was  43 lbs.,  1371bs.,  and  3101bs.  respectively; 
and  of  one  part  cement  to  two  parts  sand,  23  lbs.,  55  lbs.,  and  205 
lbs.  respectively.  A  cement  weighing  123  lbs.  per  bushel  was 
more  tenacious,  and  the  diminution  of  tenacity  on  admixture  of 
sand,  was  proportionately  less.  The  results  of  Mr.  Grant's 
experiments  with  Roman  cement  were  unsatisfactory.  The  tena- 
city of  ordinary  cement  is  equal  to  that  of  good  stock  bricks, 
and  from  the  above  figures  it  will  be  seen  the  best  cements  are 
much  stronger.  Sir  C.  W.  Pasley  found  the  tenacity  of  cement 
made  of  chalk  lime  and  blue  clay  a  few  days  after  mixture  was 
125  lbs.  per  square  inch.  Professor  Rankine,  Civil  Engineering, 
states— The  tenacity  of  Portland  cement  made  from  compact 
limestone  and  clay,  thirty  to  fifty  days  after  mixture,  varies 
between  1,200  and  1,550  lbs.  per  square  inch;  these  figures  do 
not  agree  with  those  obtained  by  Mr.  Grant  for  the  highest 
quality  cement,  and  the  authority  on  which  they  are  given  is  not 
stated.  Mr.  Grant  found  the  resistance  of  Portland  cement  to 
crushing  was  as  follows : — 

Three  months  old  3,800  lbs.  per  square  inch. 

Nine       „  „    5,988    „     „         „         „    , 

A  mixture  of  one  part  sand  and  one  part  cement  three  months  old 
offered  a  resistance  equal  to  2,488  lbs.  per  square  inch,  and  when 
nine  months  old  the  resistance  was  4,542  lbs.  per  square  inch. 

264.  Plaster  ot  Paris  or  Gypsum  is  a  sulphate  of  lime  from 
which  the  water  has  been  expelled  by  calcination,  it  is  in  the 
form  of  a  white  powder.  If  mixed  rapidly  with  water,  it  com- 
bines with  a  portion  of  the  water  to  form  a  hydrate,  the  mass 
swells,  heat  is  developed,  and  the  superfluous  water  evaporates; 
the  mixture  quickly  solidifies  and  forms  a  compact  granular  solid. 
More  or  less  water  is  added  according  to  the  purpose  to  which 
the  plaster  is  to  be  applied;  the  average  quantity  is  about  equal 
in  bulk  to  the  powder  employed.  The  use  of  hot  water  hastens 
the  setting  of  plaster,  and  an  admixture  of  salt  or  glue  hinders 
the  process  ;  but  these  expedients  impair  the  strength  of  the 
product.  Plaster  has  a  tenacity  of  about  70  lbs.  per  square  inch 
when  set  (Eondelet).  It  is  used  for  cementing  poles  into  holes 
jumped  or  cut  in  rock,  and  into  masonry,  being  preferred  to 
cement  for  these  purposes  when  the  poles  have  been  injected 
with  sulphate  of  copper,  as  the  lime  in  cements  and  mortars 
decomposes  the  sulphate.  Its  property  of  expanding  in  setting 
renders  it  xiseful  for  fixing  iron  in  stone,  <fec. 

265.  Plaster  is  also  used  to  fix  the  stalks  and  cups  of  insulators, 
but  used  alone  its  property  of  expanding  when  setting  may  cause 
an  internal  stress  very  prejudicial  to  the  strength  of  the  insulator; 
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the  best  mixture  for  this  purpose  appears  to  be  a  mixture  of 
plaster,  Portland  cement,  and  sand,  the  contraction  of  the  cement 
and  expansion  of  the  plaster  neutralise  each  other;  the  sand 
besides  reducing  the  cost,  by  increasing  the  bulk  tends  also  to 
reduce  the  alteration  of  bulk  to  a  minimum  in  the  event  of  the 
other  ingredients  not  being  in  the  proper  proportions.  To  reduce 
the  expense,  the  stalks  are  sometimes  cemented  with  a  mixture 
of  smith's  ashes  and  resin,  the  expensive  cement  being  used 
for  cups  and  hoods  only.  Muirhead's  cement  is  composed  of 
3  parts  Portland  cement,  3  parts  rough  sand,  4  parts  smith's 
ashes,  and  4  parts  resinjjy  weight  (Clarke  and  Sabine) ;  but  it 
is  better  to  make  two  cements  of  these  materials  than  to  mix 
them  in  one.  A  cement  composed  of  plaster,  with  glue  white- 
lead  and  sulphur,  has  been  employed  for  insulators. 

266.  A  mixture  of  smith's  ashes  and  resin  is  a  good  cement 
for  many  purposes ;  or  equal  parts  of  smiths'  ashes  and  rough 
sand  may  be  used  instead  of  the  former  alone — the  weight  of 
resin  employed  should  be  about  equal  to  that  of  the  mixture. 

267.  Sulphur  may  be  used  as  a  cement,  or  a  mixture  of  sulphur 
with  about  10  per  cent,  of  iron  filings;  these  cements  are  strong, 
particularly  the  latter,  but  great  caution  is  necessary  in  applying 
them.  Sulphur  acts  on  metals  and  India-rubber — the  expansion 
of  sulphur  cements,  due  to  combination  of  the  sulphur  with  any 
metal  in  contact  with  it,  limits  their  employment ;  when  used  for 
insulators  the  expansion  splits  the  cups  and  hoods  after  a  short 
exposure  to  the  weather. 

268.  Marine  glue  is  a  cement  much  used  for  cementing  plates 
into  battery  boxes,  &c. ;  it  may  be  made  of  12  parts  benzole,  1 
India-rubber,  and  20  powdered  shellac;  these  should  be  mixed 
with  cautious  application  of  heat ;  it  is  applied  with  a  brush. 

269.  Common  glue  is  a  cementing  material  of  very  limited  use, 
as  it  will  not  resist  exposure  to  the  weather  used  alone,  but  it 
will  if  mixed  with  white  lead  and  linseed  oil,  the  whole  being 
boiled  together  and  applied  as  common  glue  (Nicholson,  Ency. 
Brit)  Glue  is  made  from  the  scraps  of  hides  previous  to  tan- 
ning; the  best  quality  is  nearly  transparent.  Glue  should  be 
prepared  as  follows  : — It  should  be  broken  into  small  pieces  and 
soaked  for  twelve  hours  in  as  much  water  as  will  cover  it ;  it 
should  then  be  melted  at  a  temperature  not  higher  than  212% 
simmering  gently  for  from  one  to  two  hours,  and  water  added 
until  it  runs  from  the  brush  in  a  fine  stream;  the  soaking  is 
sometimes  dispensed  with.  Glue  is  used  to  join  wood,  paper, 
&c,  principally  wood;  the  joint  is  frequently  stronger  than  the 
wood  joined,  and  if  torn  asunder  almost  invariably  tears  out 
some  of  the  fibres  of  the  wood ;  it  holds  to  mahogany  and  deal 
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better  than  to  most  other  woods,  and  holds  better  sideways  than 
endways  of  the  grain ;  in  the  latter  case  more  glue  is  required, 
and  it  should  be  allowed  to  soak  in.  Glued  joints  should  be 
thin,  thin  joints  being  stronger  than  thick  ones ;  the  surfaces 
should  be  well  wetted  with  glue,  then  pressed  together  in  various 
ways  to  press  out  as  much  glue  as  possible,  and  then  if  possible 
kept  under  pressure  until  the  glue  is  dry. 

270.  Red  sealing  wax  makes  a  good  electrical  cement;  sealing 
wax  dissolved  in  naphtha  may  be  used.  Solutions  of  India- 
rubber  in  the  several  solvents  are  used  as  cements,  particularly 
when  required  to  be  flexible.  If  India-rubber  be  heated  to  398° 
F.,  so  that  it  begin  to  fume  and  remain  permanently  viscid,  it 
forms  a  drying  cement  with  its  own  weight  of  a  mixture  of  slaked 
lime  and  red  lead  in  equal  parts.  For  very  delicate  work  solu- 
tion of  gelatine  and  mastic  in- rectified  spirit  or  ether  are  the 
best  cements,  but  requiring  great  care  in  preparation  they  are 
best  purchased  ready-made.  Diamond  cement  is  a  cement  of 
this  kind  used  to  cement  metals,  ivory,  wood,  glass,  &c. ;  it  is 
probably  the  best  of  cementing  materials.  The  prepared  cements 
for  delicate  work  offered  for  sale  dp  not  always  fulfil  the  promises 
set  forth  on  their  labels ;  for  important  work  these  should  never 
be  used  until  their  value  has  been  tested. 


Section  V. — Concrete,  Beton,  and  Asphalt. 

271.  Concrete  is  a  mixture  of  mortar  and  small  angular  stones 
or  gravel ;  the  usual  proportions  by  volume  average  about  1  part 
lime,  2  sand,  and  4  small  angular  stones,  or  1  part  lime  to  6  parts 
unscreened  gravel.  Where  gravel  or  stones  are  not  available, 
broken  bricks  or  burnt  clay  may  be  used  with  advantage.  The 
lime  is  mixed  with  the  other  ingredients  and  slaked  after  mix- 
ture, consequently  the  concrete  expands  as  the  lime  slakes ;  this 
expansion  amounts  to  about  three-eighths  of  an  inch  in  a  foot, 
and  it  continues  insensibly  for  a  month  after  mixture.  If  the 
lime  be  slaked  before  use,  the  concrete  contracts  in  setting  about 
one-sixth  of  its  volume  when  first  laid  and  rammed.  On  mixture 
of  the  materials,  the  reduction  of  volume  due  to  mixture  varies 
from  one-fourth  to  one-third  the  volume  of  the  unmixed  materials. 

272.  BSton  differs  from  concrete  in  being  made  with  strongly 
hydraulic  lime  or  cement  instead  of  with  fat  lime,  and  as  these 
materials  slake  with  difficulty  when  mixed  they  are  invariably 
slaked  before  mixture.  The  stones  should  not  exceed  two  inches 
in  diameter ;  the  proportion  of  mortar  to  stones  should  be  such 
as  to  rather  more  than  fill  the  interstices  between  the  latter, 
a  quantity  which  varies  in  practice  from  one-half  to  once  the 
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volume  of  stones.  Fat  lime  and  pozzolana  may  be  used  instead 
of  hydraulic  lime  or  cement.  Beton  is  used  in  situations  exposed 
to  the  action  of  water,  and  commonly  for  foundations  under 
water ;  but  while  setting  it  should  be  protected  from  the  action 
of  water  in  motion,  which  has  a  tendency  to  wash  out  the  lime. 

273.  Concrete  being  made  with  fat  lime  does  not  set  under 
water.  Concrete  and  beton  are  much  cheaper  than  masonry  and 
brickwork,  requiring  merely  unskilled  labour,  and  consisting  in 
great  part  of  much  cheaper  materials  ;  but  they  have  a  tenacity 
only  slightly  above  that  of  the  mortar  to  which  is  due  their 
solidity.  They  are  usually  used  for  foundations,  although  both 
in  ancient  and  modern  times  they  have  been  used  for  entire 
buildings,  but  such  employment  in  modern  practice  is  exceptional ; 
they  may,  however,  be  employed  for  floors  and  roofs,  are  com- 
monly so  employed  in  India,  and,  under  exceptional  circum- 
stances, they  may  be  used  for  walls ;  for  all  such  purposes  beton, 
because  greatly  superior  in  strength,  should  be  preferred. 

274.  Concrete  for  foundations  should  be  put  into  the  founda- 
tion trench  as  soon  as  prepared,  it  should  cover  the  whole  of  the 
bottom  of  the  pit,  and  be  well  rammed,  particularly  round  the 
sides  and  in  the  corners ;  it  should  be  completed  in  layers  not 
exceeding  a  foot  thick,  and  as  soon  as  set  the  building  may  be 
commenced  on  it.  Beton  when  iised  under  water  is  thrown  in 
in  bags  or  a  framework  of  timber,  or  fascines  are  used  to  protect 
it  from  the  action  of  the  water  until  set ;  sometimes  it  is  moulded 
into  blocks  and  thrown  into  water,  or  built  up  as  blocks  of 
natural  stone.  A  bed  of  concrete  covered  with  asphalt  (as 
described  below)  forms  an  excellent  flooring  or  roof,  impervious 
to  damp.  Concrete  may  be  used  above  ground  in  situations  where 
the  constituent  small  stones  are  not  liable  to  be  disturbed. 

275.  Asphalt  is  a  bituminous  limestone,  containing  from  3  to 
15  per  cent,  of  bitumen ;  it  is  found  in  the  Jura  mountains,  in 
Trinidad,  and  other  places.  The  composition  of  the  bitumen  is 
85  C.  12  H.  30.  per  cent.,  it  has  a  characteristic  odour  resembling 
that  of  tar  and  pitch,  and  strongest  at  the  boiling  temperature. 
Below  50"  F.  it  is  brittle,  at  50°  to  70°  soft  and  plastic,  70°  to  90° 
pasty,  and  above  120°  liquid. 

276.  Asphalt  ground  to  powder  or  broken  small,  with  from  \ 
to  \  of  its  bulk  of  melted  bitumen  or  mineral  tar  obtained  from 
bituminous  shale  or  sandstone,  forms  asphaltic  mastic  ;  the  mass 
is  thoroughly  melted  and  the  ingredients  well  incorporated.  This 
compound,  mixed  with  15  per  cent,  of  fine  grit,  is  used  as  a 
covering  for  roofs,  and  with  25  per  cent,  of  coarse  grit  it  forms  a 
good  material  for  footpaths.  The  quantity  of  bitumen  required 
is  greater  the  less  of  it  is  contained  in  the  asphalt ;  the  addition 
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of  the  grit  prevents  the  softening— pavements  should  not  become 
appreciably  soft  at  160°  F.  Artificial  or  factitious  asphaltic 
mastic  is  made  by  adding  powdered  limestone  to  either  melted 
coal-tar  or  a  solution  of  pitch  in  pitch,  oil ;  these  artificial 
compounds  are  deficient  in  strength,  but  they  are  suitable  for 
pavements  in  some  situations,  and  are  exceedingly  cheap.  One 
part  of  asphaltic  mastic  with  about  a  thirty-fifth  of  resin  oil,  and 
three-fifths  of  sand,  by  measure,  forms  a  bituminous  or  asphaltic 
mortar;  eleven  measures  of  this  mortar  with  nine  of  broken 
stone  forms  a  bituminous  concrete,  which,  may  be  used  to  cover 
roads  and  build  under  water.  A  layer  of  asphalt  |-inch  thick 
is  impervious  to  moisture ;  good  asphalt  -|-inch  thick  over  a 
thick  bed  of  concrete  forms  a  good  roof,  and  as  pavement 
asphalt  is  very  durable,  being  elastic  and  therefore  less  liable  to 
crack  than  cement. 

277.  Asphalt  requires  but  little  skill  to  apply,  and  is  easily 
repaired;  with  the  addition  of  a  little  mineral  tar  old  material 
can  be  worked  up  anew — although  it  softens  it  never  takes  fire. 
It  has  the  disadvantage  of  not  adhering  well,  and  is  hence 
unsuited  to  vertical  surfaces,  for  the  same  reason  it  is  liable  to 
slip  in  summer  if  applied  to  steep  roofs ;  as  a  cement  for  masonry 
it  is  dearer  than  Portland  cement,  and  damp  readily  condenses 
on  its  surface.  Asphalt  is  sometimes  used  to  protect  concrete 
from  the  action  of  water,  it  may  be  used  to  protect  wood  and 
generally  to  exclude  water;  it  forms  excellent  pavements  for 
battery  rooms,  particularly  when  under  ground  ;  used  over  felt 
it  forms  an  excellent  light  roof  for  temporary  buildings,  and  it 
may  be  used  over  iron  sheds  to  exclude  the  sun's  heat;  its  valuable 
properties  might  render  it  of  great  use  in  telegraph  construction, 
particularly  where  skilled  labour  cannot  be  obtained ;  possibly  it 
might  be  used  to  protect  gutta-percha  covered  underground  wires 
from  the  rapid  deterioration  they  suffer  in  tropical  climates. 
Subterranean  lines  of  uncovered  wire  imbedded  in  asphalt  were 
tried  in  France ;  they  worked  well  without  repair  for  five  years, 
after  which  period  they  were  still  perfectly  preserved.  The  wires 
were  galvanised  iron  in  series  of  4,  6,  or  10,  in  two  parallel 
layers ;  they  were  four  millimetres  in  diameter,  and  the  distance 
between  them  and  between  the  outside  wires  and  the  exterior 
surface  of  the  asphalt  was  27  mm.  The  asphalt  employed  was 
of  the  best  quality.  The  composition  of  the  concrete  was  in  a 
hundred  parts : — 

Asphalt,  ....  58-75 

Purified  bitumen,  .  .  .  7-24 

Fine  gravel,  screened  and  well-washed,  34-01 
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The  cost  per  metre  run,  exclusive  of  the  cost  of  digging  the 
trench,  was  for  ten  wires  6  francs  65c,  six  wires  4  francs  77c, 
four  wires  4  francs  42c.  This  mode  of  protecting  wires  has  been 
abandoned,  but  for  reasons  apart  from  its  efficiency.  With  due 
precautions  asphalt  may  be  used  to  protect  underground  wires 
in  towns,  between  cables  and  land  lines,  etc.,  and  in  some  situa- 
tions prove  efficient  and  economical.  Asphaltic  mastic  may  be 
purchased  ready  for  use  and  packed  in  barrels,  of  the  several 
asphalt  companies  ;  the  quantities  of  grit  to  be  added,  mode  of 
application,  melting  point,  etc.,  of  each  preparation  may  be 
obtained  from  the  vendors.  A  vessel  in  which  to  melt  and  mix 
the  ingredients,  and  shovels  or  trowels  to  spread  the  mixture,  are 
all  required  to  enable  unskilled  labourers  to  execute  most  kinds 
of  useful  work ;  pavements  and  other  surfaces  required  to  be  level 
are  generally  smoothed  with  an  iron  tool  having  a  flat  surface — 
it  is  attached  to  a  wooden  handle  and  used  hot. 

278.  The  limestone  contained  in  asphalt  may  be  attacked  by 
strong  acids  ;  a  mixture  of  coal  tar  and  finely-ground  fire-clay  in 
such  proportions  that  when  cold  the  mixture  yields  perceptibly 
to  the  nail,  forms  an  excellent  material  for  stopping  joints  in 
pipes  and  other  vessels  to  contain  corrosive  liquids.  The  so- 
called  asphalt  used  with  hemp  for  covering  telegraph  cables 
does  not  appear  to  contain  asphalt ;  it  differs  in  composition  with 
different  manufacturers,  and  consists  principally  of  silica  and 
bitumen  or  mineral  tar ;  "  Clark's  Compound "  or  "  Clark's 
Asphalt  "  is  composed  of  by  weight  "  65  parts  of  mineral  pitch, 
30  parts  of  silica,  5  parts  of  tar"  (Clark  &  Sabine);  the  term 
"  silicated  "  used  by  some  manufacturers  is  evidently  better  than 
"  asphalted  "  as  applied  to  such  preparations.  Mixtures  of  silica 
and  bitumen  are  cheaper  than  asphalt,  and  quite  as  well  if  not 
better  suited  to  protect  the  hemp  of  a  cable  from  the  attacks  of 
marine  animals,  and  the  wire-covering  from  oxidation. 

« 

Section  VI. — Masonry  and  Brickwork. 

279.  The  following  are  the  common  technical  terms  used  in 
describing  masonry  and  brickwork : — The  surface  of  the  work  ex- 
posed to  view  is  termed  its  face,  the  face  of  each  block  is  its  surface 
exposed  on  the  face  of  the  work ;  if  one  end  of  a  block  appear  on 
the  face  of  the  work  so  that  the  length  of  the  block  be  perpen- 
dicular to  the  face  of  the  work,  this  block  is  termed  a  header, 
the  face  end  is  sometimes  termed  the  head,  and  the  back  part 
extending  into  the  work  the  tail;  a  block  lying  with  its  length 
parallel  to  the  face  of  the'  work  is  termed  a  stretcher.  When  the 
work  is  built  up  in  layers,  each  layer  successively  forming  a 
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plane  surface  on  which  the  next  is  built,  these  layers  are  termed 
courses,  and  the  work  is  said  to  be  coursed;  when  the  courses  are 
not  made  of  uniform  depth  one  with  another,  and  at  the  same 
level  throughout  their  whole  extent,  the  work  is  said  to  be  built 
in  random  courses.  The  surfaces  of  a  block  parallel  to  the 
courses  are  termed  its  beds,  and  the  joints  between  or  parallel  to 
the  courses  are  termed  beds  or  bed-joints;  the  joints  transverse 
to  both  the  beds  and  the  face  are  termed  side-joints  or  simply 
joints.  Cornerstones  are  headers  on  one  face  of  the  building 
and  stretchers  on  the  other ;  they  are  usually  larger  than  the 
other  stones,  selected,  and  are  termed  quoins.  A  course  of  large 
stones  projecting  somewhat  beyond  the  face  of  the  structure, 
usually  serving  to  distribute  a  load  over  the  smaller  stones  of 
the  course  below,  is  termed  a  string  course.  A  course  placed  on 
the  top  of  a  wall  to  protect  it  from  rain  and  prevent  the  course 
below  being  disturbed  by  violence,  is  termed  a  cope;  it  may 
consist  of  large  flat  stones  projecting  beyond  the  course  below, 
of  bricks  similarly  projecting  or  not,  or  of  stones  placed  on  edge 
fixed  with  hydraulic  mortar  or  cement;  the  cheapest  kinds  of 
masonry  may  be  coped  with  sods  or  clay  puddle.  The  first 
courses  laid  on  the  foundation  are  usually  extended  to  distribute 
the  pressure  of  the  structure  over  an  increased  area,  and  thereby 
increase  the  stability  of  the  structure;  such  courses  are  termed 
footing  courses,  and  together  form  what  is  termed  the  footing;  they 
are  usually  built  to  form  a  series  of  steps  on  each  face,  the  upper- 
most course  projecting  least. 

280.  The  following  rules  should  be  observed  in  building  masonry 
and  brickwork ;  they  are  applicable  to  all  such  work  whether  built 
with  puddle,  mortar,  cement,  or  without  cementing  materials,  of 
shaped  or  irregular  masses  of  stone,  or  of  bricks  burnt  or  sun- 
dried.  As  far  as  possible  the  work  should  be  erected  in  a  series 
of  layers  or  courses  as  nearly  as  practicable  perpendicular  to  the 
load  to  be  borne ;  the  blocks  should  break  joint  with  each  other 
in  the  direction  of  the  pressure,  each  block  overlapping  the 
joints  above  and  below  it  so  as  to  tie  the  work  longitudinally; 
the  amount  of  the  overlap  in  masonry  is  from  once  to  once  and  a 
half  the  depth  of  a  course,  in  brickwork  from  a  quarter  to  half  a 
brick.  The  blocks  should  also  break  joint  in  the  direction  of 
the  thickness  of  the  work ;  or  a  certain  proportion  of  them, 
termed  in  masonry  bond  stones,  should  pass  transversely  through 
the  work  or  penetrate  to  a  certain  distance  into  it,  to  bind  it  in 
this  direction;  particular  care  should  be  taken  in  this  respect  at 
the  corners  where  two  walls  meet  at  an  angle.  In  masonry  at 
least  one-fourth  of  the  face  of  the  work  should  be  headers.  If 
the  blocks  differ  in  size  the  largest  should  be  used  for  the  lowest 
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courses.  The  shapes  of  the  blocks  should  be  such  that  they  be 
not  liable  to  be  broken  across;  thus  weak  soft  stones  should  not 
have  a  length  greater  than  three-  times,  nor  a  breadth  greater 
than  from  once  and  a  half  to  twice  their  depth ;  in  harder 
materials  the  length  may  be  four  to  five  times,  and.  the  width 
three  times  the  depth.  Stones  which  have  a  laminated  struc- 
ture should  be  laid  so  that  the  direction  of  the  principal  pressure 
may  be  perpendicular  or  nearly  so  to  the  planes  of  the  layers — 
this  is  termed  laying  the  stone  on  its  natural  bed;  it  is  also 
necessary  that  the  beds  of  such  blocks  be  their  largest  surfaces. 
When  the  blocks  are  not  rectangular  in  shape  but  irregular,  no 
side  joint  should  make  an  angle  with  a  bed  joint  less  than  60°, 
and  rounded  stones  should  be  broken  into  angular  pieces.  When 
mortar  or  similar  cementing  material  is  used  the  conditions 
stated  in  Paragraph  263  should  be  fulfilled;  and  as  in  such  cases 
slight  settlement  occurs  by  reason  of  the  compression  and  con- 
traction or  expansion  of  the  cementing  matter  in  setting,  this 
settlement  should  not  vary  in  amount  in  adjacent  parts  of  the 
structure — e.g.,  if  the  settlement  be  greater  on  one  side  of  a  wall 
than  on  the  other  by  reason  of  the  joints  being  more  numerous, 
thicker,  or  filled  with  different  material,  the  difference  of  settle- 
ment may  cause  the  wall  to  lean  to  one  side,  or  to  crack  longitu- 
dinally; and  inequality  of  settlement  in  contiguous  parts  in  the 
direction  of  the  length  of  the  work  causes  vertical  cracks,  the 
injury  being  more  certain  the  greater  the  height  of  the  structure 
and  the  difference  of  settlement.  The  back  joints  of  the  facing 
blocks  in  footing  courses  should  be  as  far  back  as  practicable, 
and  far  enough  to  fall  vertically  under  the  superstructure;  the 
projection  outward  of  each  footing  course  beyond  the  course 
above  should  be  smaller  the  greater  the  weight  to  be  borne,  and 
the  projection  both  of  each  course  and  the  whole  footing  must 
be  such  in  proportion  to  the  depth  in  each  case  respectively,  that 
there  may  be  no  danger  of  the  projection  being  broken  off  by  the 
weight  of  the  structure  and  slight  settlement  of  the  foundation. 

281.  Stones  are  shaped  and  faced  by  means  of  a  hammer 
termed  a  scabbling  hammer,  the  head  of  which  is  pointed  on  one 
side  and  axe-shaped  on  the  other ;  and  chisels,  one  pointed,  the 
others  of  various  widths.  The  hammer  produces  an  approximate 
plane  surface ;  its  point  leaves  a  surface  covered  with  small 
parallel  ridges,  the  chisel  cuts  away  these  ridges  and  leaves  a 
plane  surface.  Stone  dressed  with  the  hammer  is  said  to  be 
scabbled,  smoothed  with  the  chisel  it  is  said  to  be  droved. 

282.  Masonry  is  of  an  indefinite  number  of  qualities,  depend- 
ing on  the  regularity  of  form  and  degree  of  finish  given  to  each 
stone,  the  size  of  the  blocks,  &c,  and  frequently  different  quali- 
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ties  are  mixed  in  the  same  structure;  thus,  a  structure  in  which 
pressure  is  more  concentrated  on  one  part  than  another  may  have 
a  better  quality  of  masonry  where  the  pressure  is  greatest.  The 
superior  qualities  are  used  also  to  strengthen  parts  of  inferior 
masonry,  as  the  angles  where  walls  meet,  and  for  the  sake  of 
appearance  and  durability  inferior  may  be  faced  with  superior. 
A  shlar  masonry  is  composed  of  regular  blocks  built  in  courses 
of  a  uniform  depth,  seldom  less  than  a  foot.  The  best  kinds 
have  the  stones  dressed  with  the  chisel,  the  coarser  kinds  with  the 
hammer.  The  faces  may  be  dressed  or  even  quarry-faced,  but  the 
beds  and  sides  of  the  blocks  are  dressed  accurately;  in  the  case 
of  the  beds  this  is  of  great  importance,  in  order  to  distribute  the 
pressure  over  the  whole  surface  of  the  bed  of  each  block.  Block- 
incourse  masonry  differs  from  hammer-dressed  ashlar  chiefly  in 
being  built  of  smaller  stones.  Coursed  rubble  masonry  is  built 
in  courses  generally  less  than  a  foot  deep;  the  side  joints  are  not 
necessarily  vertical,  but  each  course  is  correctly  levelled  to  form 
a  base  for  the  succeeding  course.  Common  rubble  differs  from 
the  above  in  not  being  coursed.  Dry  stone  building  is  the  same 
as  coursed  or  common  rubble,  with  the  mortar  omitted.  Clay 
puddle  may  be  used  to  cement  stones  built  as  in  common  or 
coursed  rubble;  this  work  forms  a  durable  base  to  a  mud  wall, 
and  an  excellent  facing  to  earthwork,  when  sheltered.  Ashlar 
masonry  is  used  for  work  in  which  the  greatest  strength,  dura- 
bility, and  finish  are  required;  it  is  used  for  quoins,  copes,  and 
string  courses  of  brickwork,  and  inferior  kinds  of  masonry. 
Ashlar  and  block-in-course  are  frequently  backed  with  rubble. 

283.  The  systematic  arrangement  of  the  blocks,  to  which  is 
due  in  a  great  measure  the  longitudinal  and  transverse  tenacity 
of  the  work,  is  termed  the  bond.  The  strongest  bond  when  the 
blocks  are  regular  in  shape  and  uniform  in  size  and  figure,  as  is 
the  case  with  bricks,  is  that  in  which  each  course  is  composed 
of  a  header  and  a  stretcher  alternately  on  the  face  of  the  work, 
the  headers  of  each  course  being  over  the  centres  of  the  stretchers 
of  the  course  below;  in  this  case  somewhat  more  than  one-third 
of  the  area  of  the  face  consists  of  the  ends  of  headers ;  in  general 
the  ends  of  headers  should  compose  at  least  one-fourth  of  the  area 
of  the  face.  These  headers  should  penetrate  quite  through  the 
work  if  thin,  and  for  a  distance  equal  to  three  to  five  times  the 
depth  of  the  courses  if  thick.  When  the  stones  are  irregular 
headers  should  range  in  breadth  from  once  and  a  half  to  twice 
the  depth  of  the  course ;  and  they  should  be  the  entire  depth  of 
the  course,  although,  as  in  rubble,  the  other '  stones  may  be 
smaller,  and  two  or  more  to  the  depth  of  the  course. 

284.  When  the  stones  are  shaped  to  fit  well  together,  as  in  ashlar 
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masonry,  the  mortar  should  be  about  one-eighth  of  an  inch  thick, 
and  its  volume  about  one-eighth  that  of  the  stone  employed;  in 
rubble  the  volume  of  mortar  reaches  one-fourth  that  of  the  stone. 
In  building  rubble  spaces  between  the  larger  stones  should  be  filled 
with  smaller  stones,  not  with  the  cementing  material  only. 

285.  If  superior  kinds  of  masonry  be  backed  by  inferior  kinds, 
the  face  and  backing  should  be  carried  up  together  in  courses  of 
the  same  depth,  the  two  kinds  should  be  held  together  by 
headers  of  the  superior  masonry  extending  into  the  backing; 
these  headers  should  be  properly  proportioned  both  as  to  num- 
ber and  penetration  inwards,  they  may  taper  in  width  in  the 
backing  but  not  in  depth,  and  the  facing  stones  should  be 
dressed  and  fitted  as  superior  masonry  for  a  certain  distance 
inwards,  generally  from  once  to  twice  the  depth  of  a  course. 
Blocks  of  stone  in  masonry  are  sometimes  fitted  together  with 
cramps  or  dowels  fixed  with  lead  or  cement;  insulator  brackets 
and  stalks  are  often  fixed  into  masonry  either  in  the  joints  or  in 
holes  cut  in  the  stones — cast  iron  should  be  used  generally,  as 
wrought  iron  is  more  liable  to  corrode,  when  it  swells  and  may 
open  the  joint  or  split  the  stone.  Cope  stones  and  others  requir- 
ing extra  strength  are  sometimes  fitted  together  with  dowels; 
these  are  small  pieces  of  iron,  copper,  or  hard  stone,  fitted  into 
contiguous  holes  in  adjacent  stones  with  lead  or  cement,  serving 
thus  to  connect  the  stones  together;  hard  stone  dowels  are  the 
most  durable;  if  iron  be  used  cast  iron  should  be  preferred 
Dry  stone  masonry  6  to  18  inches  thick  is  used  to  protect 
earthen  slopes  against  the  action  of  water,  the  beds  of  the 
courses  are  laid  perpendicular  to  the  slope;  it  is  also  used  for 
low  walls.  In  places  where  the  ground  is  rocky  and  there  is  not  • 
sufficient  depth  of  surface  soil  in  which  to  fix  line  posts,  cairns 
of  dry  stone  are  built  in  which  the  posts  are  set,  the  interstices 
between  the  larger  stones  are  filled  with  surface  soil  and  small 
Stones,  and  the  whole  is  coped  with  sods,  surface  soil,  or  clay 
puddle;  in  such  cases,  if  the  surface  soil  will  admit  of  it,  an 
earthen  mound  faced  with  dry  stonework  or  stone  set  in  mud 
may  be  used;  in  any  case  the  durability  and  strength  of  the 
work  will  depend  on  the  observance  of  the  rules  as  to  bond,  &c, 
stated  above.  Where  the  ground  is  very  rocky  or  very  loose 
posts  are  sometimes  built  into  plinths  of  coarse  masonry  set  in 
mortar  or  cement;  this  is  sometimes  necessary  also  in  the  case 
of  masts  erected  in  waterways,  stays  not  being  admissible,  as 
they  catch  driftwood.  Great  care  is  necessary  in  erecting  such 
plinths,  as  the  vibration  of  the  wire  and  post  often  so  interferes 
with  the  setting  of  the  mortar  that  the  stones  work  loose,  and  a 
force  acting  at  the  summit  of  the  post  acts  with  great  leverage 
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to  disturb  the  masonry;  it  is  safer  to  use  hydraulic  mortar,  and 
time  should  be  allowed  for  the  mortar  to  become  solidified  before 
placing  the  wires  on  the  posts.  Such  short  pillars  should  be 
coped  with  large  flat  stones,  and  excepting  when  very  low  they 
should  taper  upwards ;  the  mass  necessary  to  give  the  required 
stability  and  the  tensile  strength  should  be  calculated  in  each 
case.  Poles  injected  with  sxxlphate  of  copper  are  better  set  in 
plaster  than  mortar,  as  chemical  action  occurs  between  the  lime 
in  the  mortar  and  the  sulphate  of  copper  in  the  timber. 
Masonry  obelisks  are  in  some  cases  cheaper  than  timber  or  iron 
to  suspend  lines  over  rivers ;  these  should  be  of  rough  block  in 
coarse  masonry,  they  should  be  well  spread  out  at  the  founda- 
tion, which  should  be  placed  below  the  surface  to  a  depth  suffi- 
cient to  ensure  permanent  stability  of  the  soil  below.  Large 
stones  are  seized  for  hoisting  by  claws  or  nippers,  by  two  short 
plugs  inserted  in  holes  and  attached  to  a  chain,  or  by  an  instru- 
ment termed  a  lewis. 

286.  In  constructing  brickwork,  as  the  blocks  are  uniform  in 
size  it  is  comparatively  easy  to  ensure  the  observance  of  those 
rules  on  which  the  strength  and  stability  of  blockwork  structures 
depend  (Paragraph  280);  but  in  the  case  of  coarse  masonry,  as 
rubble  and  dry  stone  building,  great  watchfulness  is  sometimes 
necessary  to  prevent  the  work  being  badly  done.  In  brickwork 
the  only  conditions  to  observe  besides  those  already  stated  are — 
to  reject  all  misshapen  and  unsound  bricks,  and  to  guard  against 
the  use  of  bats  or  pieces  of  bricks,  excepting  when  absolutely 
necessary  to  close  an  opening  or  finish  the  end  or  corner  of  a 
wall ;  in  no  case  should  less  than  half  a  brick  be  used.  "Where 
possible  the  dimensions  of  the  work  should  be  such  as  to  render 
bats  unnecessary,  and  care  in  correctly  building  the  bond  selected 
should  be  insisted  on,  that  the  use  of  bats  be  not  rendered  neces- 
sary by  careless  workmanship. 

287.  Brickwork  is  built  in  courses  consisting  entirely  of  headers 
and  entirely  of  stretchers,  a  course  of  headers  alternating  with 
one,  two,  or  more  courses  of  stretchers,  fig.  59,  or  in  courses 
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Fig.  59.  Kg.  60. 

in  which  headers  and  stretchers  alternate  in  each  course,  fig.  60 ; 
the  former  system  is  termed  English  bond,  the  latter  Flemish  bond. 
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In  English  bond  the  length  of  a  brick  being  twice  its  width,  there 
are  twice  as  many  side  joints  in  a  course  of  headers  as  in  a  course 
of  stretchers ;  and  unless  great  care  be  taken  to  keep  these  joints 
thin  in  the  header  course  the  equality  of  the  courses  will  not  be 
maintained,  and  the  use  of  bats  will  be  rendered  necessary;  but 
English  bond  is  esteemed  stronger  than  Flemish.  The  proportion 
of  headers  and  stretchers  in  English  bond  should  be  regulated 
accordingly  as  longitudinal  or  transverse  tenacity  are  the  more 
desirable;  xme  course  of  headers  to  two  of  stretchers,  fig.  59,  pro- 
duces equal  tenacity  in  both  directions ;  when  the  longitudinal 
tenacity  is  of  more  ipportance  than  the  transverse,  as  in  plinths 
for  posts,  as  many  as  three  or  four  courses  of  stretchers  may  be 
used  to  one  of  headers.  Flemish  bond  is  neater  in  appearance 
than  English,  and  as  the  courses  are  alike,  containing  both 
headers  and  stretchers,  the  number  of  side  joints  in  each  course 
is  the  same;  hence  there  is  no  danger  of  the  equality  of  the 
courses  being  lost.  The  longitudinal  tenacity  of  brickwork  is 
sometimes  increased  by  pieces  of  hoop  iron  laid  in  the  bed  joints, 
these  should  break  joint  with  each  other,  and  the  ends  of  each 
piece  should  be  secured  by  being  bent  down  at  a  right  angle  and 
inserted  into  side  joints.  String  courses  and  copes  of  bricks 
should  consist  entirely  of  headers ;  the  outsides  of  footing  courses 
should  also  be  all  headers,  no  course  projecting  more  than  a 
quarter  of  a  brick  beyond  the  course  above  it,  excepting  in  walls 
too  thin  to  render  this  condition  possible ;  the  object  of  using 
headers  is  to  keep  the  back  joints  as  far  back  as  possible  and 
under  the  superstructure.  In  exceptional  cases  footing  courses 
are  laid  double,  a  header  course  being  laid  above  a  stretcher 
course,  or  a  single  course  of  stretchers  is  laid  as  a  lowest  course. 

288.  Stone  coping  is  commonly  used  with  brickwork,  of  which 
it  increases  the  durability,  brick  copings  being  liable  to  have  the 
bricks  disturbed ;  the  use  of  stone  coping  string  courses  and  quoins 
with  brickwork  increases  its  strength  and  stability.  Great  care 
is  necessary  when  stone  quoins  are  used,  as  the  joints  in  the 
brickwork  being  more  numerous  than  in  the  stonework,  there  is 
danger  of  unequal  settlement ;  to  prevent  this  the  joints  between 
the  courses  of  bricks  should  be  made  as  thin  as  possible.  Flat 
cope-stones  should  be  cramped  together  or  connected  by  dowels 
as  a  means  of  greatly  increasing  the  durability  of  the  work,  par- 
ticularly in  circumstances  where  they  may  be  subjected  to  acci- 
dental violence  tending  to  disturb  them. 

289.  Masonry  and  brickwork  is  best  estimated  for  in  telegraph 
estimates  by  the  cubic  yard,  local  and  trade  measures  should  be 
expressed  in  this  unit.  The  Work  of  building  in  stone  and  brick 
such  structures  as  are  required  in  telegraphy  is  so  affected  by  the? 
peculiar  circumstances  of  the  case,  that  data  furnished  by  ordinary 
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buildings  are  of  but  little  use,  in  general  strict  supervision  alone 
can  secure  due  economy :  telegraph  work  is  enhanced  in  cost  by 
being  distributed  over  considerable  distances,  by  consisting  of, 
small  structures,  and  by  the  different  and  generally  low  degrees 
of  efficiency  of  the  workmen  employed.  The  following  data  are 
given  on  the  authority  of  Professor  E.ankine : — Exclusive  of  mixing 
mortar,  building  dry  stone,  coursed  rubble,  or  block  in  course, 
one  man  per  cubic  yard  per  day;  ashlar  one-half  to  one  cubic  yard 
per  man.  The  labourer's  work  and  labour  of  stone  breaking  must 
differ  greatly  in  amount,  according  to  the  circumstances  of  each 
particular  case  :  dry  stone  building  will  require  one  man,  coursed 
rubble  one  and  a  half -man,  and  block  in  course  about  two  men 
per  cubic  yard ;  ashlar  requires  more  on  account  of  the  extra 
stone  breaking  and  size  of  the  stones.  Stone  cutting  for  block 
in  course  requires  about  one  and  a  half  man  per  cubic  yard,  ashlar 
from  two  and  a  half  to  six  men.  The  above  refer  to  soft  stone. 
Hard  stones  require  three  to  four  times  the  labour  to  cut  required 
by  soft  sandstone.  In  brickwork  a  bricklayer  and  labourer  are 
said  to  build  about  1 -6  cubic  yard  per  day. 

290.  The  strength  of  the  highest  class  masonry  is  inferior  to 
that  of  the  single  blocks  of  which  it  is  built  (Paragraph  71). 
Coursed  rubble  offers  about  four-tenths  the  resistance  to  crushing 
offered  by  the  single  blocks  composing  it ;  common  rubble  is  but 
little  stronger  in  this  respect  than  the  mortar  employed  ;  hence, 
if  strength  be  required,  rubble  masonry  is  rendered  suitable  by 
the  use  of  strong  hydraulic  mortar.  The  ultimate  resistance  to 
crushing  of  good  hand-made  bricks  is  800  to  1000  lbs.  per  square 
inch ;  that  of  inferior  kinds  may  be  as  low  as  half  this  ;  and  ill- 
burnt  hand-made  bricks  may  offer  an  ultimate  resistance  to 
crushing  but  little  over  200  lbs.  per  square  inch.  A  machine- 
made  brick  by  Messrs.  Clayton  and  Co.,  tested  by  Mr.  Kirkaldy, 
offered  the  extraordinary  ultimate  resistance  to  crushing"  of 
upwards  of  5,000  lbs,  per  square  inch,  the  greatest  resistance 
attained;  other  machine-made  bricks,  by  the  same  makers,  bore 
1,478  lbs.  per  square  inch  without  cracking,  2,068  lbs.  before 
cracking  considerably,  and  nearly  3,000  lbs.  before  being  quite 
crushed.  The  experiments  of  Mr.  Clarke  gave  5,200  lbs.  as  the 
resistance  of  rather  soft  bricks  set  in  cement,  and  this  is  about 
the  average  resistance  offered  by  ordinary  stock  bricks  set  in 
good  mortar.  The  subject  of  the  tensile  and  transverse  strength 
of  brickwork  and  masonry  has  not  received  so  much  attention  as 
their  resistance  to  crushing;  for  in  the  majority  of  cases,  the 
resistance  to  crushing  and  the  stability  are  relied  on,  and  the 
tenacity  and  transverse  resistance  are  not  called  into  play ;  but 
it  has  been  pointed  out  with  justice,  that  although  sometimes 
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ignored  in  theory,  in  practice  the  tenacity  of  brickwork  is  com- 
monly applied  in  practice,  and  in  many  cases  of  flat  brick  arches 
and  beams  bearing  walls,  the  brickwork  acts  as  a  beam.  The 
tenacities  of  mortars  and  cements  are  stated  in  Section  3.  The 
tenacity  of  good  bricks  is  on  an  average  270  to  300  lbs.  per 
square  inch  (Eankine) ;  M.  Morin  states  it  277  lbs.  In  green 
brickwork  the  strength  and  adhesion  of  the  cementing  material 
determines  the  strength  of  the  work,  but  when  the  cementing 
material  has  set,  it  may  be  stronger  than  the  bricks.  The  trans- 
verse strength  and  tenacity  of  brickwork  are  probably  sensibly 
equal,  and  depend  on  the  strength  of  the  bricks  and  cement  and 
the  adhesion  between  them.  The  tenacity  of  each  kind  of  cement- 
ing material  is  stated  in  Section  3.  The  adhesion  of  common  mortar 
to  compact  limestone  is  15  lbs.  per  square  inch,  to  brick  33  lbs., 
six  months  after  mixture  (Eondelet).  Mr.  Robertson  found  the 
adhesion  of  well-ground  mortar  of  the  same  age  was — to  blue 
stock  bricks,  40  lbs.,  and  to  grey  stocks,-  36  lbs.  per  square  inch. 
General  Pasley  found  the  adhesion  of  cement  to  stone  was  as 
high  as  125  lbs.  per  square  inch  when  quite  hardened  ;  he  found 
the  average  adhesion  of  two  bricks  cemented  together  with  Port- 
land cement  to  be  140  lbs.  per  square  inch ;  in  the  interior  of 
thick  joints  it  is  probably  much  less.  Vicat  considered  the  ad- 
hesion of  mortar  to  bricks  equal  to  the  tenacity  of  the  cementing 
material  (Paragraphs  259  to  262).  Mr.  Eobertson  found  the 
adhesion  of  cement  to  grey  stock  bricks  to  be  as  follows  : — 


Lbs.  per 
Squarelnch. 

Quick  setting  cement,  1st  week, 

.     23 

„          „            „       4th     „ 

.     30 

Slow         „             „        1st     „ 

.     15 

,.           „             »       4th     „ 

.     59 

See  also  Paragraphs  259  to  262.  Some  of  the  above  data  are 
from  articles  on  the  tensile  and  transverse  strength  of  brickwork 
and  masonry  which  appeared  in  Engineering  in  1872.  The 
factors  of  safety  for  brickwork  and-  masonry  are  8  to  10  for  a 
live  load,  and  4  to  5  for  a  dead  load. 

291.  The  durability  of  masonry  and  brickwork  built  with  com- 
mon or  slightly  hydraulic  mortar,  is  increased  by  pointing,  the 
mortar  being  scraped  from  the  outer  edges  of  the  joints  with  the 
point  of  a  trowel,  the  groove  so  formed  is  filled  with  hydraulic 
mortar  or  mixed  cement  to  protect  the  interior  mortar. 

292.  When  inserting  posts  or  brackets  in,  or  supporting  posts 
on,  masonry  or  brickwork,  the  fact  that  the  tensile  strength  of 
such  work  is  comparatively  low  should  not  be  lost  sight  of ;  thus 
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masonry  erected  to  support  a  post  where  the  soil  is  too  shallow 
to  insert  the  post  in  the  ordinary  way,  should  be  of  a  weight 
proportionate  to  the  pull  on  the  post,  and  should  be  well  bonded, 
particularly  at  the  corners.  If  a  bracket  be  inserted  in  a  wall, 
it  should  be  considered  if  the  weight  of  the  wall  above  the  point 
of  insertion  of  the  bracket  and  its  tenacity  be  sufficient  to  resist 
the  action  of  the  bracket  when  loaded,  if  this  weight  be  in- 
sufficient, as  when  a  bracket  inserted  near  the  top  of  a  wall  has  to 
carry  a  post  or  other  heavy  load,  then  the  outer  end  of  the  bracket 
should  be  supported  by  an  oblique  strut  resting  on  a  string 
course  or  other  projection,  or  inserted  into  the  wall  below,  thus 
transferring  the  tension  on  the  wall  to  a  point  sufficiently  low  to 
ensure  the  requisite  stability,  or  preventing  tension  entirely. 
To  insert  a  cantilever  in  a  wall,  it  is  merely  necessary  to  cut  a 
hole  in  the  wall  and  insert  the  cantilever,  using  cement  or 
plaster ;  iron  to  be  inserted  in  a  hole  in  a  stone  may  be  fixed  by 
means  of  melted  lead,  the  advantage  of  this  mode  of  fixture"  being 
the  preservation  of  the  iron  from  destruction  at  the  joint  by  oxi- 
dation, and  preventing  it  from  splitting  the  stone  by  its  expansion. 


CHAPTEE  II. 

METALS   AND   ALLOTS. 

Section  I. — Iron.     Division  I. — Cast  Iron. 

293.  Pure  iron  is  only  known  in  the  laboratory;  the  iron  com- 
monly used  is  combined  chemically  and  mechanically  with  other 
substances.  The  chemical  equivalents  of  iron  are  56  and  28 
(H  =  l);  deposited  by  electricity  its  specific  gravity  is  8-14.  It 
has  a  brilliant  lustre,  takes  a  high  polish  when  burnished,  is 
soft,  has  a  great  affinity  for  oxygen,  is  rapidly  dissolved  in  acids, 
and  therefore  is  easily  tarnished ;  alkalies  protect  it  from  corro- 
sion. Carbon  and  iron  are  the  only  essential  ingredients  in  cast 
iron,  steel,  and  wrought  iron ;  on  the  proportion  of  carbon  pre- 
sent depends  those  distinguishing  characteristics  on  which  the 
classification  is  based.  Wrought  iron  is  iron  containing  not  more 
than  0-25  per  cent,  of  carbon,  steel  contains  more  than  0-25  and 
less  than  1*9  per  cent.,  cast  iron  contains  mere  than  1*9  per  cent. 
These  distinctions  are  in  a  measure  arbitrary,  cast  iron,  steel, 
and  wrought  iron  merging  into  each-  other  without  any  defined 
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line  to  mark  the  distinction ;  thus,  according  to  some  authors, 
steel  has  from  0-5  to  1/5  per  cent,  of  carbon,  compounds  con- 
taining from  0-25  to  0-5  per  cent,  are  termed  steely  iron  or  semi- 
steel,  and  those  containing  from  1  -5  to  2  per  cent,  are  regarded 
as  intermediate  between  steel  and  cast  iron ;  but  the  justice  of 
the  former  classification  will  be  apparent  after  consideration  of 
the  distinctive  qualities  of  the  several  compounds  named.  Cast 
iron  can  be  neither  forged,  welded,  nor  drawn. 

294.  Iron  is  found  nearly  pure,  as  in  meteoric  iron,  which  con- 
sists of  from  85  to  90  per  cent,  of  iron  combined  with  other 
matters,  principally  nickle  and  cobalt.  Commercial  iron  is  ob- 
tained from  ores  consisting  of  the  oxides  or  carbonate  combined 
with  various  other  substances,  principally  clay  and  sand,  with 
smaller  quantities  of  the  carbonates  of  lime  and  magnesia,  and 
still  smaller  quantities  of  carbon,  manganese,  arsenic,  &c.  Ores 
containing  at  least  20  per  cent,  of  iron  are  termed  ores  proper, 
as  they  can  be  profitably  smelted  alone.  Ores  containing  a 
smaller  proportion  of  iron  are  termed  fluxes ;  they  are  used  with 
the  richer  ores  to  supply  the  deficiency  of  clay  or  sand  necessary 
to  aid  as  a  flux  in  smelting,  the  addition  of  poorer  ore  being 
more  profitable  than  the  addition  of  simply  those  matters  required 
to  complete  the  formation  of  the  required  flux.  If  the  iron  is  in 
the  form  of  carbonate  (otherwise  rarely),  the  ore  is  roasted  to 
expel  carbonic  acid  and  water,  a  small  quantity  of  the  sulphur  is 
expelled,  and  organic  matters,  if  present,  are  decomposed.  The 
ore  is  mixed  with  fuel  and  a  flux  usually  containing  lime,  the 
proportions  of  the  ingredients  of  the  mixture  being  determined 
by  experiment  or  analysis  for  each  description  of  ore.  The  mix- 
ture is  placed  in  a  furnace  urged  by  a  powerful  blast  of  hot  or 
cold  air,  the  oxygen  of  the  air  combines  with  the  carbon  of  the 
fuel  to  form  carbonic  acid ;  this  is  decomposed  by  the  heat  into 
carbonic  oxide  and  oxygen,  the  oxygen  of  the  iron  combines 
with  the  carbonic  oxide  to  re-form  carbonic  acid ;  the  limestone 
is  decomposed,  the  lime  combines  with  the  earthy  matter  of  the 
ore  to  form  a  glass  or  slag.  The  molten  metal  reduced  sinks  to 
the  bottom  of  the  furnace,  and  the  slag  floats  on  the  top  of  it; 
when  the  process  is  completed  the  iron  is  run  out  and  cast  into 
ingots  termed  pigs.  Sometimes  the  iron  is  run  directly  into 
moulds  to  form  castings,  but  this  practice  is  only  employed  for 
inferior  work ;  when  considerable  strength  is  required  the  iron 
is  cast  into  pigs,  and  the  best  of  these  are  selected  for  remelting. 
In  some  cases  common  salt  or  other  chloride  is  used  to  remove 
sulphur  and  phosphorus.  On  an  average  about  6  tons  of  ore, 
fuel,  and  flux,  and  13  tons  of  air  are  placed  in  the  furnace  for 
each  ton  of  iron  obtained,  yielding  about  3  tons  of  liquid,  and 
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nearly  16  tons  of  gaseous  matter.  The  proportions  of  ore,  flux, 
and  fuel,  the  kinds  of  flux  and  fuel,  the  strength  and  temperature 
of  the  blast,  and  other  details,  depend  on  the  quality  of  the  ore 
and  kind  of  product  required ;  these  matters  require  consider- 
able experience  in  the  smelter. 

295.  Iron  obtained  from  the  blast  furnace  is  very  impure  ;  it 
contains  2  to  5  per  cent,  of  carbon,  besides  silicon,  sulphur,  phos- 
phorus, manganese,  calcium,  and  magnesium.  The  presence  of 
carbon  is  essential  to  fusibility;  manganese  makes  iron  harder, 
and  it  improves  the  quality  of  steel,  but  in  large  quantities  it 
diminishes  the  tenacity;  its  presence  is  not  essential  to  good 
steel.  Sulphur,  calcium,  and  magnesium  make  malleable  iron 
red  short,  or  brittle  at  high  temperatures ;  phosphorus  and  silicon 
make  it  cold  short,  or  brittle  when  cold.  Sulphur  is  derived 
from  the  fuel,  hence  the  superiority  in  this  respect  of  iron 
smelted  with  charcoal;  phosphorus  is  derived  from  the  flux  or 
the  fuel — the  removal  of  these  is  effected  by  chlorides.  The  pre- 
sence of  the  metals  derived  from  the  lime  and  earthy  matters 
cannot  be  prevented,  because  if  either  lime  or  silica  be  absent, 
the  other  must  be  added  as  a  flux. 

296.  Cast  iron  is  distinguished  as  white  and  grey  :  these  do 
not  differ  in  the  quantity  of  carbon  they  contain,  but  in  the 
manner  in  which  the  carbon  and  iron  are  combined ;  white  cast 
iron  contains  2  to  4  per  cent,  of  carbon  combined  chemically,  the 
grey  iron  contains  only  1  per  cent,  or  even  less  combined  chemi- 
cally, the  remainder  being  mixed  mechanically.  The  production 
of  white  or  grey  iron  is  determined  by  the  management  of  the 
furnace ;  a  high  temperature  and  abundance  of  fuel  produces 
grey  iron,  a  lower  temperature  and  less  fuel  white  iron.  Grey 
cast  iron  is  bluish  in  colour,  granular  in  texture,  comparatively 
soft  and  fusible,  and  weaker  and  more  fluid  when  fused  than  the 
harder  variety.  White  iron  is  distinguished  as  granular  and 
crystalline;  the  former  is  convertible  into  grey  iron  by  fusion 
and  slow  cooling,  and  reconverted  by  refusion  and  sudden 
cooling,  these  changes  occurring  more  readily  in  iron  of  good 
quality.  White  iron  is  white,  brittle,  excessively  hard,  infusible, 
strong,  less  liable  to  rust,  less  soluble  in  acids,  and  employed  as 
bearings  has  less  friction  than  the  grey ;  the  crystalline  variety 
is  the  harder  and  more  brittle,  and  is  therefore  unsuited  to 
engineering  piirposes.  Grey  iron  is  distinguished  by  number 
accordingly  as  it  differs  more  or  less  from  the  white,  No.  1  being 
that  furthest  removed — i.e.,  the  softest,  most  fusible,  <fec. 
Granular  white  cast  iron  is  also  too  brittle  for  use  alone  in 
engineering  structures,  but  it  is  used  with  grey  iron;  when 
grey  iron  is  cast  the  outer  layer  of  the  casting  is  cooled  quicker 
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than  the  inner  parts,  and  it  forms  a  skin  approaching  more 
nearly  than  the  interior  to  the  condition  of  white  iron.  The 
■white  condition  of  the  skin  is  ensured  for  some  purposes  by  the 
process  termed  chilling,  "which  consists  in  lining  portions  of  the 
mould  -with  suitably  shaped  pieces  of  cold  iron;  the  molten 
metal  being  suddenly  cooled  by  contact  with  the  cold  iron,  the 
casting  is  covered  to  from  one-eighth  to  one-half  inch  in  depth 
at  these  parts  with  white  iron,  the  remainder  of  the  casting 
retaining  the  grey  condition.  The  skin  of  cast  iron  is  harder 
and  stronger  than  the  interior,  it  contributes  greatly  to  the 
strength  of  the  casting,  and  it  should  not  be  injured  or  cut  in 
any  part  to  suffer  considerable  stress.  As  cast  iron  varies  between 
the  extremes  of  the  very  hard  strong  and  brittle  white,  and  the 
comparatively  soft  and  weak  No.  1  grey,  in  any  particular  case 
that  quality  best  suited  to  the  purpose  should  be  selected.  Grey 
cast  iron  No.  1  is  most  fusible,  it  produces  the  most  accurate 
castings,  but  it  is  soft  and  deficient  in  strength ;  it  is  suitable 
for  small  castings  in  which  accuracy  is  more  important  than, 
strength,  and  in  which  it  is  especially  required  to  attain  the 
minimum  brittleness.  In  large  castings  for  engineering  works 
the  extreme  brittleness  of  the  white,  and  the  softness  and  weak- 
ness of  the  No.  1  grey,  are  both  undesirable ;  a  quality  inter- 
mediate between  these  extremes  should  be  selected — Nos.  2  and 
3  grey  are  best  suited  to  these  purposes.  The  qualities  of  iron 
are  also  distinguished  by  the  name  of  the  place  or  district  where 
made,  and  mixtures  of  these  several  qualities  are  sometimes 
superior  to  either  quality  separately ;  various  mixtures  are  some- 
times prescribed  when  iron  of  particularly  good  quality  is 
required,  hut  the  telegraph  engineer  seldom  if  ever  requires 
very  large  castings,  and  in  any  case  it  is  as  a  rule  better  to 
state  the  degree  of  excellence  required,  and  test  the  iron  actually 
supplied,  leaving  the  attainment  of  the  result  to  the  smelter  or 
founder.  The  iise  of  the  hot  blast  economises  fuel,  but  affects  in 
a  marked  degree  the  properties  of  the  product;  the  most  usual 
temperature  for  the  blast  is  600°  to  700°  ¥.,  it  is  often  1000°  ¥., 
and  has  exceeded  1500°  P.  The  quality  of  iron  smelted  with 
the  hot  blast  is  on  an  average  about  the  same  as  that  smelted 
with  the  cold  blast ;  No.  2  hot  and  cold  blast  are  about  equally 
good,  but  No.  1  cold  blast  and  No.  3  hot  blast  are  superior  to 
No.  1  hot  and  No.  3  cold  respectively,  the  ore  and  fuel  being 
the  same  in  both  cases.  The  quality  of  cast  iron  is  improved  up 
to  a  certain  point  by  repeated  fusion,  and  by  being  kept  in  a 
state  of  fusion ;  Sir  W.  Fairbairn's  experiments  shewed  an 
increase  of  transverse  strength  up  to  the  twelfth  melting,  the 
bars  were  one  inch  square  in  section,  and  about  four  feet  long ; 
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the  breaking  weight  at  the  commencement  was  403  lbs.,  after 
the  twelfth  melting  it  was  725  lbs.,  after  the  thirteenth  671  lbs., 
after  the  fifteenth  391  lbs.,  and  after  the  seventeenth  only  330 
lbs. ;  when  fractured  the  metal  appeared  changed,  resembled  in 
fracture  cast  steel,  and  its  resistance  to  pressure  had  doubled. 
Iron  after  half  an  hour's  fusion  had  a  tenacity  of  17,843  lbs.  per 
square  inch,  and  a  density  of  7"187 ;  the  same  iron  kept  in  fusion 
two  hours  had  a  tenacity  of  34,496  lbs.,  and  a  density  of  7 '279. 
The  results  of  some  experiments  made  in  America  were  :  the 
tensile  strength  was  raised  from  14,000  lbs.  and  11,000  lbs.  per 
square  inch,  to  35,786  and  45,970  lbs.  respectively,  by  three 
meltings — the  degree  of  improvement  doubtless  depends  on 
the  composition  of  the  iron.  Other  processes  are  employed 
to  improve  the  quality  of  the  iron  for  particular  purposes — 
toughened  cast  iron  is  made  by  mixing  with  ordinary  cast  iron 
from  one-fourth  to  one-seventh  of  its  weight  of  scrap  iron. 
Malleable  cast  iron  is  made  by  heating  castings  made  in  the 
ordinary  way,  but  preferably  of  certain  qualities  of  iron,  in 
contact  with  a  ground  haematite  ore  pounded  iron  stone,  smithy 
scales  or  other  similar  substance  which  absorbs  carbon ;  the 
castings  are  embedded  in  the  powder,  gradually  raised  to  a 
bright  red  heat,  kept  heated,  and  then  gradually  cooled. 
Powdered  haematite  is  usually  preferred ;  the  process  takes 
twenty-four  hours  to  raise  the  temperature,  twenty-four  hours 
to  cool  the  furnace,  and  the  heat  is  maintained  three  to  five 
days  :  the  thinner  castings  are  converted  quite  through,  the 
thicker  for  some  depth;  the  tenacity  is  said  to  exceed  48,000 
lbs.  per  square  inch,  and  the  thinner  castings  can  be  bent  and 
torn.  The  iron  is  converted  into  a  soft  kind  of  steel,  but  has 
not  the  strength  of  malleable  iron,  by  reason  of  the  absence  of 
fibre  given  to  the  latter  by  rolling,  hammering,  &c.j  these 
malleable  castings  are  used  very  extensively  for  post  fittings, 
their  only  disadvantage,  as  compared  with  soft  cast-iron  castings, 
is  their  greater  cost. 

297.  Although  repeated  fusion  is  beneficial  the  metal  is  seldom 
in  practice  melted  more  than  thrice,  and  in  the  majority  of  cases 
only  twice.  Common  rough  articles  are  cast  in  open  sand  moulds, 
but  when  the  casting  is  required  to  be  strong  it  is  cast  vertically, 
under  pressure,  and  with  a  head,  which  is  broken  off  when 
cooled.  The  head  contains  any  air  bubbles  present,  and  by 
casting  under  pressure  the  iron  fills  the  mould  better  and  its 
density  and  tenacity  are  increased.  An  experiment  on  the 
comparative  density  and  tenacity  of  rough  pigs  cast  hori- 
zontally, and  a  moulded  bar  cast  vertically  gave  the  following 
results : — 
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Tenacity.  Density. 

Rough  pigs  cast  horizontally,  14,481  7-004 

Bar  cast  vertically,  .         .         16,424  7-085 

Different  qualities  of  iron  shrink  differently  in  cooling,  castings 
should  therefore  be  of  uniform  quality  throughout;  when  this  .is 
not  the  case  the  surface  of  the  casting  is  uneven,  and  it  is  inferior 
in  strength.  The  shrinkage  in  cooling  from  the  melting  poirit 
is  on  an  average  about  ^  in  each  dimension,  or  -|-inch  per  foot, 
and  patterns  have  to  be  made  larger  than  the  object  required.in 
this  proportion.  If  castings  be  cooled  suddenly  they  are  rendered 
brittle  and  sometimes^break  spontaneously  before  leaving  the 
foundry ;  hence  to  avoid  unsafeness  from  internal'stress  castings 
should  not  be  removed  from  the  moulds  until  cooled  to  within. a 
few  degrees  of  the  temperature  of  the  air,  and  open  sand  cast- 
ings should  be  covered  with  sand  to  hinder  too  rapid  radiation. 
Great  inequalities  of  thickness  should  be'avoided  in  designing, 
in  order  to  ensure  that  each  part  shall  cool  at  the  same  rate; 
when  the  rate  of  cooling  has  been  unequal  at  different  parts,  thus 
causing  internal  stress,  the  iron  is  said  to  be  hide  bound.  Anneal- 
ing has  the  same  effect  as  slow  cooling,  provided  the  heat  be 
sufficiently  intense  to  affect  the  cohesive  force.  Air  bubbles  are 
tested  for  by  ringing  the  casting  over  its  whole  surface  with  a 
hammer. 

298.  The  temperature  of  fusion  varies  with  the  quality  of  iron, 
and  authorities  differ  widely;  about  2,800°  F.  is  accepted  as  an 
average  for  qualities  of  iron  in  common  use.  In  experiments 
tried  by  Sir  W.  Fairbairn,  No.  2  iron  decreased  and  No.  3 
increased  in  transverse  strength  up  to  600°  F. ;  the  strength  of 
No.  3  was  reduced  by  one-third  by  raising  the  temperature  to  a 
red  heat;  below  32°  F.'cast  iron' is  more  brittle.  The  co-efficient 
of  expansion  for  1°  F..  at  ordinary  temperatures  is  -00000617, 
and  the  expansion  between  32°  and  212°  F.  is  -00111. 

299.  The  strength  of  cast  iron  is  affected  by  the  size  of  the 
casting ;  in  thin  castings  the  external  portion  is  stronger  than 
the  interior,  but  in  thick  castings  the  rate  of  cooling  being  slower, 
the  outer  part  is  in  a  measure  annealed,  and  this  difference  is  less 
(unless  chilling  be  resorted  to);  hence  the  tenacity,  transverse 
strength,  and  density  of  thick  castings  is  less  than  that  of  thin 
ones.  If  the  iron  be  highly  decarbonised,  large  castings  have  a 
tenacity  nearly  5  per  cent,  above  that  of  small  castings,  for  in 
this  case  the  skin  has  less  value  and  the  larger  casting  is  more 
homogeneous.  In  consequence  of  the  existence  of  the  skin,  the 
modulus  of  rupture  in  the  same  kind  of  iron  differs  in  value 
accordingly  as  the  bars  be  broken  transversely  as  beams,  or  torn 
asunder  as  ties;  the  transverse  strength  differs  with  the  form  of 
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cross  section  from  equality  to  about  two  and  a  quarter  times  the 
tenacity;  for  when  strained  transversely  the  intensity  of  stress  is 
not  uniform  over  the  whole  section,  its  maximum  intensity  is  in 
parts  of  the  skin,  but  the  direct  tenacity  is  obtained  by  a  more 
uniformly  distributed  stress,  the  central  and  consequently  the 
weakest  matter  suffering  the  more  intense  load.  The  ultimate 
tenacity  of  cast  iron  varies  from  little  over  4  tons  to  rather  more 
than  15  tons  per  square  inch;  average  qualities  offer  a  resistance 
of  about  7  to  7^  tons,  inferior  qualities  as  low  as  5  tons,  and  for 
particular  purposes,  as  for  casting  guns,  10  tons  is  the  minimum 
tenacity  admitted.  Toughened  cast  iron  has  a  tenacity  varying 
between  10 J  and  11 J  tons.  The  resistance  to  pressure  offered 
by  cast  iron  varies  between  about  20  tons  and  nearly  65  tons  per 
square  inch;  on  an  average  in  practice  it  is  about  50  tons.  The 
ratio  between  the  tenacity  and  resistance  to  crushing  in  seven- 
teen experiments  tried  by  Mr.  Hodgkinson  varied  between  1:6-7 
and  1 : 4-5,  the  mean  being  1 :  5*66;  it  will  be  seen  on  comparison 
of  the  figures  given  above  that  the  average  resistances  to  com- 
pression and  to  tension  are  not  related  in  this  ratio :  from  Mr. 
Hodgkinson's  tables  the  ratio  in  the  case  of  Coed-Talon  No.  2 
appears  to  have  been  1  : 4-337,  and  for  Carron  No.  3,  1 :  8-473, 
the  mean  being  1  : 6-59;  the  specimens  were  not  necessarily  from 
the  same  sample  in  each  case.  It  is  evident  this  relation  varies 
with  the  quality  of  the  iron,  in  practice  it  is  often  assumed  to 
be  nearly  1  :  6.  The  transverse  strength  varies,  as  stated  above, 
according  to  the  size  of  the  casting  and  the  form  of  section;  the 
ultimate  load  of  a  bar  1  inch  square  in  section,  supported  on 
supports  1  foot  apart,  and  loaded  in  the  centre,  varies  between 
about  1800  lbs.  and  2500  lbs.  A  simple  approximate  formula 
is : — A  bar  1'  x  1"  x  1"  breaks  with  1  ton  in  the  centre,  this  is 
about  the  mean.  Strained  transversely  the  deflection  varies 
with  the  quality;  the  deflection  of  hard  white  is  to  that  of 
whitish  grey  as  1:1-5,  and  of  hard  white  to  soft  grey  as 
1  :  2-224.  The  resistance  to  torsion  is  very  variable,  ranging 
from  between  300  and  400  to  900  foot-pounds,  the  rod  being 
cylindrical  in  section,  the  average  may  be  assumed  in  practice 
as  about  700  lbs.;  a  permanent  set  of  half  a  degree  is  given  with 
about  seven-tenths  of  the  ultimate  load.  The  resistance  to 
shearing  is  about  27,700  lbs.  per  square  inch,  it  is  sometimes 
stated  as  high  as  32,500  lbs.  The  density  of  cast  iron  varies 
between  6-9  and  7-4,  the  average  being  about  7-11;  a  cubic  foot 
weighs  from  431  lbs.  to  461  lbs.,  the  average  being  about  444 
lbs. ;  the  strength  and  hardness  increase  generally  with  the 
specific  gravity.  The  proof  load  is  about  one-third  of  the  ulti- 
mate load.     The  usual  factor  of  safety  for  bridges  is  6;  when 
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the  load  is  entirely  a  dead  one  4  may  be  used.  Cast  iron  is 
superior  to  wrought  iron  in  its  resistance  to  crushing,  and  it  is 
hence  better  suited  for  use  as  pillars  and  struts;  with  a  limited 
load  it  suffers  greater  strain  and  set  than  wrought  iron  (Para- 
graph 313).  Its  modulus  of  elasticity  varies  between  14,000,000 
and  22,900,000.  Its  modulus  of  resilience  may  be  calculated  from 
the  above  data  by  means  of  the  formula  given  in  Paragraph  57. 
It  is  inferior  to  wrought  iron  as  bolts,  rivets,  &c,  offering  rather 
more  than  half  the  resistance  of  wrought  iron  to  shearing;  it  is 
less  suitable  for  use  as  ties  than  wrought  iron,  by  reason  of  it 
being  so  inferior  in  tgnacity.  As  pillars,  cast  iron  is  only 
superior  to  wrought  iron  when  the  length  is  so  limited  as  com- 
pared with  the  diameter  that  there  is  little  tendency  to  bend, 
and  the,  effect  of  inferior  tenacity  is  compensated  by  the  superior 
resistance  of  the  material  to  crushing;  assuming  the  intensity  of 
the  ultimate  resistance  to  crushing  to  be  80,000  lbs.  per  square 
inch,  Professor  Gordon  has  shewn — when  the  diameter  of  a 

pillar  is  -^p-.   of  its  length,  cast  and  wrought  iron  are  equally 

strong,  but  in  a  proportionately  longer  pillar  wrought  iron,  and 
a  shorter  one  cast  iron,  would  be  the  stronger  respectively 
(Paragraphs  76  and  77).  In  telegraph  poles  cast  iron  is  used 
for  the  base  segments,  for  which  it  is  better  suited  than  wrought 
iron,  as  it  is  less  liable  to  corrosion;  it  is  used  thicker  than  wrought 
iron  from  necessity  to  give  sufficient  strength,  and  such  extra 
thickness  is  less  costly  than  an  equal  thickness  of  wrought  iron 
would  be;  as  a  rule,  the  base  segments  are  far  below  the  above 
limits  of  comparative  length,  even  in  the  largest  masts  the  cast 
iron  basement  tubes  rarely  exceed  24  feet,  of  which  half  is 
embedded  in  the  ground.  Long  pillars  of  cast  iron  are  used 
in  towns,  they  are  usually  much  stronger  than  requisite  to  carry 
the  load,  extra  metal  being  used  for  the  sake  of  appearance,  but 
such  pillars  should  be  tapered  to  reduce  their  weight. 

300.  Cast  iron  for  engineering  purposes  should  be  sounded  for 
air  bubbles,  the  skin  should  be  continuous,  the  surface  smooth, 
the  edges  sharp,  and  the  iron  soft  enough  to  be  indented  when 
struck  on  an  edge  with  a  hammer;  the  fracture  should  be  light 
bluish-grey,  with  a  metallic  lustre,  and  uniform  in  colour,  excepting 
near  the  skin,  where  it  may  be  lighter.  If  the  fracture  exhibit 
a  mottled  surface  with  patches  of  darker,  lighter,  or  crystalline 
iron,  the  casting  is  not  homogeneous  and  is  unsafe;  the  texture 
should  be  uniform  and  close-grained.  Cast  iron  is  very  generally 
used  for  brackets,  caps  or  pole  roofs,  lightning  dischargers, 
insulator  hoods,  and  other  fittings  to  wrought  iron  and  wooden 
posts,  for  such  purposes  soft  grey  iron  should  be  \ised,  and  cooled 
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very  slowly  or  annealed;  direct  strength  is  as  a  rule  more  than 
provided  for,  and  brittleness  is  to  be  feared.  The  iron  used  is  as 
a  rule  soft,  because  it  is  only  soft  weak  iron  which  is  fluid  enough 
to  fill  the  moulds ;  but  rapid  cooling  and  faulty  .design  has  in 
some  cases  caused  distrust  of  the  material  and  led  to  its  super- 
cession  by  the  more  expensive  material  malleable  cast  iron.  In 
castings,  abrupt  differences  of  thickness  and  sharp  shoulders 
should  be  avoided,  as  the  castings  are  rendered  weaker  thereby 
and  fail  as  a  rule  at  such  parts.  Malleable  cast  iron  is  used  for 
fittings;  from  its  greater  strength  it  may  be  used  in  light  hollow 
forms,  and  hence  such  malleable  castings  are  much  lighter  than 
castings  for  the  same  purposes  of  ordinary  cast  iron. 

301.  Cast  iron  is  less  liable  to  corrosion  than  wrought  iron, 
and  the  hard  crystalline  variety  is  more  durable  than  softer 
qualities.  Sea  water  corrodes  cast  iron  and  converts  it  into  a 
black  friable  substance;  the  exterior  surface  of  the  skin  is  usually 
coated  with  silicate  of  the  protoxide  of  iron,  which  protects  the 
casting ;  this  protection  is  less  in  chilled  castings,  but  this  is  an 
additional  reason  for  avoiding  any  rupture  of  continuity  of  the 
skin. 

302.  As  cast  iron  varies  so  widely  in  quality,  some  means 
should  be  employed  to  ascertain  the  quality  actually  delivered 
by  the  contractor ;  the  several  means  usually  employed  are  as 
follows  : — 1.  Test-bars  are  cast  with  the  castings,  and  the  trans- 
verse strength  of  these  bars  tested  by  experiment ;  2.  beams  are 
tested  by  bending  them  under  a  weight  or  by  hydraulic  pressure, 
the  load  which  bends  them  through  -jl^  of  the  span  is  assumed 
to  be  half  their. ultimate  load;  3.  a  small  percentage  of  surplus 
castings  are  ordered,  and  the  surplus  number  taken  at  random 
are  tested  to  fracture.  When  possible  the  third  is  the  safest 
mode,  for  small  articles  the  first  may  be  the  only  mode  admissible. 
With  posts  required  in  considerable  number  the  third  mode 
should  be  adopted;  brackets  &c,  may  be  tested  for  brittleness 
by  the  hammer  or  file,  or  by  letting  a  weight  fall  on  them  from 
varied  heights,  and  by  examination  of  the  surface  of  fracture. 

Division  II. — Malleable  Iron. 

303.  Malleable  iron  is  the  purest  iron,  its  only  essential  con- 
stituent is  iron,  and  it  is  in  general  higher  in  quality  the  nearer 
it  approaches  to  pure  iron ;  in  practice  it  is  never  absolutely  pure, 
it  contains  minute  proportions  of  the  impurities  mentioned  in 
Paragraph  295,  and  the  carbon  is  never  entirely  eliminated. 
The  kind  of  fuel  used  in  refining  and  in  smelting  the  cast  iron 
influences  the  quality  of  wrought  iron  ;  iron  smelted  with  char- 
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coal  is  purer  than  that  smelted  with  coal  or  coke,  by  reason  of 
the  absence  of  impurities  (particularly  sulphur)  derived  from  the 
fuel ;  but  in  England  coal  and  coke  are  used  in  smelting  almost 
exclusively,  the  supply  of  charcoal  being  too  limited  to  admit  of 
its  use;  hence,  for  steel  making  and  for  special  purposes,  purer 
charcoal  iron  is  imported,  principally  from  Norway,  Sweden,  and 
Russia.  .  The  specific  gravity  of  malleable  iron  varies  between 
7-5  and  7 '858,  the  nearer  it  approaches  the  latter  value,  the  better 
its  quality  as  a  general  rule ;  in  practice  it  is  usually  nearer  to 
the  latter  than  to  the  former,  and  is  commonly  assumed  as  7-68 
or  7-69  ;  in  Mr.  Kirkaldy's  experiments  the  limits  were  7 -5  and 
7'8  ;  it  is  seldom  less  than  7-6.  A  cubic  foot  weighs  from  468  to 
490  lbs.,  and  is  on  an  average  480  lbs. ;  the  last  value  is  generally 
employed  in  practical  calculations.  Malleable  iron  differs  from 
cast  iron  in  heaviness,  in  being  more  or  less  fibrous  in  texture, 
comparatively  infusible,  superior  in  tenacity,  and  inferior  in  the 
resistance  it  offers  to  pressure.  It  cannot  be  melted  and  cast, 
but  at  a  high  temperature  it  softens,  when  it  may  be  fashioned 
by  forging,  and  two  pieces  brought  together  may  be  welded  into 
one,  provided  the  surfaces  placed  in  contact  are  clean;  by  this 
property  malleable  iron  is  distinguished  from  most  other  metal, 
for  as  a  rule  metals  when  heated  pass  directly  from  the  solid  to  the 
fluid  state  without  assuming  the  soft  condition  necessary  to 
admit  of  welding.  Malleable  iron  is,  as  its  name  implies,  malle- 
able; it  is  ductile  and  tough,  hence  it  is  suited  to  resist  shocks,  and 
it  does  not  fail  without  first  exhibiting  an  alteration  indicating 
that  its  elasticity  has  been  overcome  ;  the  precise  point  at  which 
it  begins  to  yield  under  pressure  is,  with  the  softer  varieties,  very 
difficult  to  ascertain.  ■  It  is  softer  than  cast  iron,  and  more  liable 
to  corrode.  -:  If  highly  heated  and  suddenly  cooled  it  is  rendered 
harder,  its  tenacity  is  increased,  but  it  is  rendered  less  suited  to 
resist  shocks,  if  very  slowly  cooled  it  is  rendered  softer  ;  these 
effects  are  less  the .  purer  the  iron,  and  considerable  when  the 
iron  contains  a  relatively  large  proportion  of .  carbon '  (nearly 
one  quarter  per  cent).  Malleable  iron  is  manufactured  from  cast 
iron  by  processes  having  for  their  objects  removal  of  the  excess  of 
carbon  the  latter  material  contains  over  that  contained  by  the 
former,  and  a  bestowal  of  a  fibrous  and  homogeneous  structure 
by.  working,  as  hammering,  rolling,  squeezing,  &c.  Much  in- 
genuity and  learning  have  been .  displayed  in'  attempts  to  get  rid 
of  the  other,  matters  contained  in  cast « iron,  particularly  those 
most  prejudicial  and  most'  frequently  present— viz.,  phosphorus 
and  sulphur;  but  although  these  are  in  part  eliminated  by  the  pro- 
cesses actually  employed,  the  only  sure  mode  of  preventing  their 
presence  and  thus  obtaining  the  highest  degree  of  excellence  in 
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the  product,  is  to  avoid  the  use  of  ores  and  fuel  containing  them 
as  constituents. 

304.  The  processes  most  generally  employed  for  removing  the 
carbon  are  the  old  process  of  puddling,  and  the  Bessemer  process ; 
in  both  the  carbon  is  oxidated  by  agitation  of  the  melted  metal  in 
contact  -with  air,  the  carbon  of  the  cast  iron  combines  with  the 
oxygen,  and  leaves  malleable  iron,  mixed  with  more  or  less  oxide 
of  iron  and  cinder,  which  are  expelled  from  the  mass  by  the  after 
processes  of  working  it  at  a  high  temperature.  The  cast  iron  used 
for  conversion  is  white  pig  iron,  termed  forged  pig,  this  variety 
being  unsuited  for  castings.  The  process  of  puddling  is  divided 
into  two  processes— the  first  termed  refining,  the  second  puddling; 
these  processes  are  carried  on  either  in  different  furnaces,  or  in 
immediate  succession  in  the  same  furnace,  termed  a  boiling  fur- 
nace,  the  operation  in  the  latter  case  being  termed  pig  boiling. 
The  process  of  refining  consists  in  the  removal  of  a  quantity  of 
the  carbon  and  earthy  matter  by  the  action  of  a  blast  of  air  forced 
through  the  melted  metal,  by  which  a  portion  of  the  iron  and 
much  of  its  contained  carbon  are  oxidised  ;  the  metal  is  run  into 
a  shallow  mould,  water  is  thrown  over  it,  which  by  oxidising 
another  small  portion  of  the  iron  assists  in  removing  the  impurities, 
the  metal  is  stirred  to  assist  the  process,  and  the  cinder  floats  on 
its  surface.  The  refined  metal  when  cooled  is  broken  into  pieces, 
placed  in  a  reverberatory  furnace,  termed  a  puddling  furnace,  &  or 
5  cwts.  of  metal  being  treated  at  a  time ;  the  current  of  air  acts 
on  the  surface  of  the  metal  only,  the  puddler  continuously  agitates 
it  to  expose  successively  different  portions  to  the  decarbonising 
action ;  when  the  greater  portion  of  the  impurities  have  been 
eliminated  the  metal  thickens,  its  melting  point  being  raised,  a 
spongy  mass  of  metal  collects  on  the  hooked  bar  used  as  a  stirrer; 
this  mass  increases  until  sufficient  has  been  collected  to  form  a 
ball  or  bloom,  this  bloom  is  placed  on  one  side  and  others  collected, 
until  from  five  to  eight  have  been  obtained  ;  the  yield  is  nearly 
95  per  cent,  of  the  metal  charged.  The  white  hot  balls  from  the 
puddling  furnace  are  shingled  to  remove  cinder  and  condense  the 
mass;  this  process  consists  in  hammering  or  squeezing  for  about 
half  a  minute,  and  the  puddle  ball  is  thereby  transformed  into  a 
cylindrical  bloom.  The  bloom  is  then  rolled — it  passes  through 
nine  or  ten  grooves  graduated  in  size,  and  is  thus  rolled  into  a 
flat  bar ;  this  bar  is  cut  into  lengths,  it  is  termed  puddle  bar,  and 
its  quality  No.  1,  or  once  rolled.  Several  bars  heated  and  rolled 
into  one  are  rolled  in  the  rolling  mill  into  bars  of  various  forms 
of  section,  these  cut  into  lengths  are  termed  merchant  bars  No.  2 
from  having  been  twice  rolled,  and  in  commerce  common  bar  iron. 
In  the  puddling  furnace  sometimes  different  salts  are  added  to 
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assist  in  eliminating  sulphur,  phosphorus,  and  silicon  ;  steam  is 
iised  for  the  same  purpose;  powdered  haematite  and  sometimes 
lime  are_  added  to  assist  the  process.  In  the  Bessemer  process 
the  cast  iron  is  melted  and  poured  into  a  suitable  vessel,  termed 
a  converter,  air  is  forced  through  the  molten  metal  from  the 
bottom  of  the  vessel ;  the  oxygen  of  the  air  combines  with  the 
carbon  of  the  cast-iron,  and  the  evolution  of  heat  consequent  on 
this  combination  serves  to  keep  the  iron  in  fusion,  and  to  so 
raise  its  temperature  that  it  continues  fluid  during  its  transi- 
tion from  cast  to  malleable  iron  -without  the  application  of 
extraneous  fuel;  the  decarbonisation  having  reached  the  required 
point  (which  is  indicated  by  the  appearance  of  the  flame  issuing 
from  the  converter,  and  by  the  time  occupied,  or  may  be  tested 
by  casting  small  trial  ingots),  the  metal  is  poured  from  the 
converter  into  ingot  moulds.  The  shingling  and  rolling  are 
performed  on  these  ingots  as  in  the  case  of  puddled  balls,  but 
Mr.  Bessemer  employs  somewhat  different  machinery ;  in  parti- 
cular he  hammers  or  squeezes  the  metal  while  it  is  enclosed,  so 
that  it  cannot  expand  laterally,  it  being  hammered  or  squeezed 
into  dies  or  suages  instead  of  between  flat  surfaces,  by  which 
means  it  is  pressed  more  effectually  into  a  dense  homogeneous 
solid.  To  form  a  large  object  of  wrought  iron,  a  number  of  bars 
are  heated  and  forged  or  rolled  together;  for  very  large  forgings 
a  vast  number  of  bars  must  be  piled  together,  and  not  only  is 
there  danger  of  the  forging  containing  fissures,  but  the  iron  is 
damaged  by  the  overheating.  The  Bessemer  process  offers  great 
advantages  in  this  respect,  for  instead  of  building  up  a  large 
object  of  blooms  of  70  or  80  lbs.  each,  a  large  casting  containing 
the  requisite  mass  of  metal  can  be  run,  and  this  wrought  to  the 
shape  desired;  as  no  extraneous  fuel  is  used,  as  in  puddling, 
there  is  no  fear  of  additional  impurities  being  derived  from  this 
source.  The  process  of  conversion  occupies  about  thirty  minutes. 
Besides  the  above  other  processes  are  employed,  but  less  gene- 
rally, to  produce  the  same  result;  many  inventors  have  proposed 
to  use  steam  to  decarbonise  iron :  it  has  been  tried  in  many  ways 
and  its  use  abandoned;  but  the  Galy-Cazalat  process  is  said  to  be 
successfully  applied  in  France.  This  consists  in  the  use  of  super- 
heated steam,  the  steam  is  forced  through  the  molten  metal,  it  is 
decomposed  into  its  constituent  gases,  the  oxygen  combines  with 
the  carbon,  and  the  hydrogen  with  the  sulphur  of  the  cast  iron. 
In  Heaton's  process  salts  are  added  to  the  melted  metal,  the 
principle  of  their  action  is  the  same  as  in  othe*  processes,  they 
part  with  their  oxygen,  and  this  oxygen  decarbonises  the  iron. 
Malleable  iron  is  also  made  by  direct  reduction  of  the  ore ;  this 
process  is,  however,  only  applicable  to  very  rich  pure  ores. 
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305.  Wrought  iron  is  fashioned  into  the  shapes  and  sizes 
required  by  forging  and  rolling,  the  two  operations  are 
essentially  the  same,  but  are  performed  in  a  different '  manner; 
the  iron  is  heated  to  the  welding  temperature  and  then 
fashioned,  in  the  one  process  by  the  hammer,  in  the  other  by 
passing  it  between  rollers  either  simply  cylindrical  or  having 
grooved  surfaces,  a  number  of  pieces  being  piled  together,  heated 
and  forged  or  rolled  to  form  the  required  mass.  Repeated 
heating  and  rolling  or  forging,  up  to  a  certain  number  of 
repetitions,  improves  the  quality  of  the  material,  increasing  its 
toughness ;  it  is  therefore  a  common  practice  to  heat  and  work  • 
the  iron  several  times  in  the  rolling  mill  to  improve  its  quality ; 
such  iron  is  distinguished  as  best,  best  best,  &c,  each  "best" 
signifying  an  additional  working  and- a- higher  price.  Cast 
unhammered  ingots  of  Bessemer  iron  have  a  mean  tenacity  of 
18412  tons,  this  tenacity  is  increased  to  30-5  tons  by  rolling  into 
boiler  plate,  the  ratio  between  these  is  23  :  38  ;  the  improvement 
due  to  this  cause  is  however  limited. '  In  a  series  of  experiments  ■ 
made  by  Mr.  Clay  the  improvement  continued  to  the  sixth 
working ;  at,  the  commencement  the  puddled  bar  had  a  tenacity 
of  43,904  lbs.,  after  the  sixth  working  it  had  increased  to  61,824 
lbs.,  and  after  the  twelfth  working  the  tenacity  was  the  same  as 
at  the  commencement.  •  It  follows  from  the  above  that  iron ; 
required  to  be  much  worked  in  fashioning  should  not  be  selected 
from  those  kinds  which  have  already  been  much  worked,  and 
iron  of  good  quality  should  be  heated  as  few  times  as'  is  con- 
sistent with  working  it  at  a  proper  temperature,  such  iron 
having  already  (as  a  rule)  been  improved 'to  its  maximum.  In 
large  forgings  the  tenacity  is  reduced  by  the  overheating,  and 
by  the  size  of  the  mass  operated  upon  being  such  that  the  effect 
of  the  working  does  not  extend  through  the  whole  mass.  The 
tenacity  is  reduced  by  these  causes' one-fourth,  sometimes  more, 
below  that  of  the  bar  iron  :  employed.  ':  Bars 'of  small'  section 
are  as  a  rule  stronger  than  those  of  large  for  the  above  reason. 
If  iron  be  hammered  too  cold  it  is  rendered  brittle,  this  should 
therefore  be  carefully  avoided.  Large  masses  rolled  or  ham- 
mered are  very  slightly  inferior  in  strength  in  the  centre,  the 
effect  of  the  working  being  less  there  than  at  the  exterior ; 
therefore  as  a  general  rule  it  is  better  to  forge  down  a  bar  than 
turn  it  down,  and  when  the  bar  has  to  be  much  reduced  at  any 
part,  the  work  will  be  stronger  if  it  be  reduced  partly  by  forging 
and  partly  by  turning,  than  if  wholly  reduced  by  turning. 
Although  hammering  hardens  the  metal  superficially,  the  value 
of  the  hardened  skin  is  trifling  compared  with  that  of  cast  iron. 
Mr.  Kirkaldy  states  the  prevailing  opinion  of  a  rough  bar  being 
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stronger  than  a  turned  one  is  erroneous,  but  this  must  depend 
on  the  size  of  the  specimen  from  which  the  bar  is  turned ;  for 
Mr.  Kirkaldy  admits  the  additional  hardness  of  the  skin  of  the 
rough  bar,  and  it  follows  that  if  this,  skin  be  turned  off  the 
turned  bar  will  be  weaker  in  proportion  to  its  area  than  the 
rough  bar ;  this  conclusion  is  in  accordance  with  the  admitted 
fact, that  hammering  hardens  the  metal  superficially,  and  is  con- 
firmed by  the  results  of  Professor  Rankine's  experiments  on  forged 
and  turned  journals.     Iron  rolled  cold  has  its  density  decreased ; 
its  tenacity  is  increased,  as  in  the  case  of  hammer  hardening, 
by  it  being  rendered  hard  and  brittle ;  wire-drawing  produces 
the  same  effects.      Rolled  bars  are  slightly  hardened  by  forging 
down.  •    Repeated  working  renders  iron  more  homogeneous  and 
constant  in  quality ;  there  is  therefore  less  difference  in  strength 
between  bars  of  high  than  between  bars  of  low  quality,  and  in 
low  qualities  there  is  greater  difference  between  large  and,  small 
bars.  ■  Iron  is  injured  .by  heating  to  the  welding  heat,  unless  it 
be  rolled  or  hammered  while  heated ;  if  quenched  in  water  when 
hot  it  is  rendered  more  elastic,  tenacious,  and  brittle,  but  the 
degree  to  which  this  effect  is  produced ,  is  influenced  by  the 
quality  of  the  iron,  particularly  as  regards  the  proportion  of 
contained  carbon.'    Both  in  rolling  and  forging  the  manner  of 
piling  the  bars  together  to  form  the  mass  influences  the  value  of 
the  result  ;■  thus  a  forging  built  up  of  small  bars  is  more  likely 
to  be  sound  than  if  a  very  few.  large  bars  be  employed,  for  the 
liability  to  extensive  fissures  consequent  on  imperfect  welding  is 
less  in  the  former  case.     If .  the'  bars  be  piled  all  in  the  same 
direction,  the  strength  of  the  forging  bar  or  plate  will  be  greater 
in  the  direction  the.  bars  are  piled, than  at  right  angles  to  this 
direction  ;•  thus  when  strength. in. one  direction  is  required  the 
bars  are  piled  in  this  direction ;  when  the  strength  is  required  to 
be' as  nearly  as  possible  .'equal  in  alb  directions,  as  in  plates,  the 
bars  are  placed  together  in .  layers,  those  in  each  layer  being 
placed  at  right  angles,  to  those  in  the  layers  above  and  below  it. 
A  fibrous ' texture  is  produced  by.  rolling, , the  fibre,  is  in  the, 
direction  of  the  rolling,  and  •  the  tenacity  is  usually  greater  in 
the  direction  of  this  fibre  than  at .  right  angles  to  this  direc- 
tion; but  in  plates!  if  the  bars  are  properly  piled  this  difference 
is  very  small;  although  M.  Navier  observed  a  difference  of  10 
per   cent.,  Sir  W.  Fairbairn  found  the  strength  in  the  two 
directions  almost  equal.     In  large  forgings  the  fibre  is  in  the 
direction  the  bars  are  piled,  and  this  difference  is  very  marked, 
amounting  to  upwards  of  6  per  cent. ;  in  this  case  it  is  seldom 
possible  to  arrange  the  bars  as  is  done  in  the  case  of  piling  for 
plate  rolling.     The  ductility  is  greater  in  the  direction  of  the 
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fibre,  and  the  mechanical  properties  appear  to  be  more  constant 
in  this  direction  than  in  a  direction  at  right  angles  to  it.  The 
product  is  more  certain  in  its  properties,  and  more  equal  in 
strength  in  different  directions  when  made  from  the  ingot,  as 
when  Bessemer  metal  is  used,  than  when  made  from  small  bars 
or  scrap  iron,  and  the  risk  of  overheating  is  diminished,  if  not 
quite  removed.  Small-sized  bars  are  more  tenacious  than  plates; 
this  difference  is  as  much  as  14  per  cent,  when  the  bars  are 
under  about  three  inches ;  it  may  be  due  to  the  fibre  being  pro- 
duced by  the  piling  and  rolling  being  in  the  same  direction. 
Hot  rolling  decreases  the  density  of  some  qualities  and  increases 
that  of  others. 

306.  Common  plate  iron  is  rolled  from  the  bloom,  and  is  very 
inferior  in  tenacity  to  the  superior  plate,  frequently  one -third 
less.  The  best  plate  is  rolled  from  No.  2  iron,  the  bars  being 
piled  an  equal  number  in  the  directions  of  the  width  and  length; 
the  plate  is  extended  by  rolling  only  in  one  direction,  that  of  its 
motion,  hence  to  increase  the  width  it  must  be  rolled  sideways. 
Bars  are  rolled  of  different  sections  by  means  of  suitably  shaped 
grooves  on  the  rollers,  but  a  limit  is  set  to  the  complexity  of 
the  form  of  section,  for  when  the  iron  is  much  distorted  its 
strength  is  impaired.  Complex  sections  are  difficult  to  roll, 
because  the  strain  is  different  at  different  parts  of  the  section 
during  the  rolling ;  this  tends  to  tear  one  part  of  the  bar  from 
the  other,  and  thus  injures  the  iron.  There  is  also  risk  of  un- 
soundness when  angle  bars  and  plates  are  rolled  exceeding  an 
inch  in  thickness;  hence  complex  forms  and  thick  masses'  are 
preferably  built  than  rolled  entire.  Bars  or  strips  are  not  as  a 
rule  rolled  wider  than  9  inches.  Plates  less  than  -^"  in  thick- 
ness are  commonly  termed  sheet  iron.  When  plates  are  required 
to  be  wider  than  4  feet,  longer  than  15  feet,  or  heavier  than  4 
cwts.,  an  addition  is  made  to  the  price;  but  they  are  rolled  up 
to  7  feet  wide,  30  feet  long,  and  60  feet  in  area. 

307.  Assuming  the  iron  to  weigh  480  lbs.  per  cubic  foot  (a  fair 
average  for  rolled  iron),  a  plate  1  inch  thick  weighs  40  lbs.  per 
superficial  foot ;  the  weight  being  proportional  to  the  thickness, 
the  weight  per  foot  for  any  other  thickness  expressed  in  inches 
may  be  readily  ascertained — e.g.,  plate  \"  thick  weighs  5  lbs.  per 
foot,  &c.  The  weight  of  bars  per  yard  run  may  also  be  readily 
ascertained,  for  1"  x  1"  x  1  yard  =  3t>  cubic  inches  =  10  lbs. ;  there- 
fore ten  times  the  area  of  transverse  section  in  square  inches, 
is  equal  to  the  weight  per  yard  run  in  pounds — the  same  rule 
manifestly  applies  to  wires. 

308.  Welding  is  easier  performed  on  soft  iron  containing  very 
little  carbon  than  on  the  hard  steely  qualities.     Mr.  Kirkaldy 
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found  the  tenacity  of  joints  in  bars  cut  and  welded  varied 
between  almost  equality  with  the  uncut  bar,  and  one-third  less. 
Professor  Rankin e  states,  in  an  experiment  on  the  bursting  of  a 
cylindrical  plate-iron  welded  retort,  the  tenacity  of  the  weld  was 
estimated  at  probably  three-fifths  of  that  of  the  plate.  In  some 
experiments  described  by  Mr.  Anderson,  the  object  of  which 
was  to  compare  welded  joints  in  iron  of  different  qualities,  and 
to  compare  such  joints  made  in  different  ways,  the  results  were 
as  follows : — In  soft  iron  of  the  best  quality  with  scarfed  joint  the 
strength  of  the  weld  was  equal  to  that  of  the  bar;  with  harder 
qualities  the  strength  of  the  weld  was  in  every  case  less  than 
that  of  the  bar;  and  in  the  worst  example,  the  iron  being  very 
hard  arid  steely,  the  weld  had  less  than  one-fifth  the  strength  of 
the  bar.  Butt  welds  were  found  weaker  than  the  scarfed  welds. 
In  all  cases  the  surfaces  of  the  joint  were  rounded  in  order  that 
oxide  and  other  superficial  impurities  might  escape.  Mr.  Ander- 
son attributes  the  weakness  of  the  welds  in  the  harder  qualities 
to  the  steely  property  or  the  presence  of  carbon.  It  should  be 
remarked,  that  steel  containing  less  than  l-5  per  cent,  of  carbon 
can  be  and  is  commonly  welded,  both  to  steel  and  iron,  without 
other  precautions  than  avoidance  of  such  exposure  to  a  high  tem- 
perature as  would  burn  the  steel,  and  the  union  in  these  cases 
appears  perfect ;  hence,  with  such  precautions,  it  would  appear 
hard  iron  can  be  well  welded,  but  the  welding,  as  in  the  case  of 
steel,  is  difficult  and  uncertain,  the  metal  being  so  readily  burned. 
Only  workmen  used  to  the  process  succeed  in  welding  steel. 
Plate  welding  has  been  proposed  instead  of  riveting  ;  but 
although  successful  so  far  as  the  strength  of  the  joint  is  con- 
cerned, practical  difficulties  have  prevented  its  general  adoption 
— the  welded  joint  can  be  made  nearly  if  not  quite  as  strong  as 
the  plate.  Plate  welding  is,  however,  used  in  preference  to 
riveting  for  some  few  purposes,  and  no  doubt  with  great  advan- 
tage. In  welding  and  all  operations  in  which  the  iron  is  heated 
to  welding  heat,  the  fuel  used  should  be  as  free  from  sulphur  as 
practicable,  and  not  of  a  kind  to  form  clinker  on  the  iron ;  for 
small  occasional  operations,  such  as  mending  or  repairing  tools, 
dense  charcoal  is  probably  the  best  fuel. 

309.  Sir  W.  Pan-bairn  found  the  tenacity  of  boiler-plate  was 
not  appreciably  diminished  at  a  temperature  of  395°  P,  but  at 
a  dull  red  heat  it  was  diminished  by  about  one-fourth.  The 
tenacity  of  good  rivet  iron  (the  toughest  and  most  ductile 
quality)  increased  with  elevation  of  temperature  to  about  320° 
P.,  at  which  point  it  was  about  one-third  greater  than  at  ordi- 
nary temperatures;  beyond  this  point  it  decreased,  and  at  a  red 
heat  had  fallen  to  rather  more  than  half  its  original  value. 
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Difference  of  opinion  exists  concerning  the  effect  of  subjection 
to  low  temperatures,  it  is  generally  supposed  that  iron  is  ren- 
dered more  brittle.  Mr.  Kirkaldy  found  the  ultimate  tenacity 
reduced  at  32°  F.,  but  the  difference  was  less  when  the  load  was 
applied  gradually  than  when  applied  suddenly— i.e.,  the  iron  was 
rendered  brittle.  At  the  lowest  natural  temperatures  of  tem- 
.  perate  climates  this  effect  is  too  minute  for  practical  consideration. 

310.  The  co- efficient  of  expansion  of  malleable  iron  is  greater 
than  that  of  cast  iron,  it  varies  in  different  qualities;  the  linear 
expansion  between  32°  and  212°  is  variously  stated  between  -g-J^- 
(Dulong  and  Petit)  and  -g^  (Troughton);  in  the  latter  case 
thread  from  the  drawplate  was  used,  and  the  result  favours  the 
assumption  that  the  co-efficient  for  thin  wire;  is  higher  than  for 
bars  and  plates.  Smeaton's  observations  gave  -y^/ahd  those  of 
Lavoisier  and  Laplace  -g^-g- ;  the  iron  in  the  latter  case  is'  stated 
to  have  been  "soft."  In  practice  the  value  commonly  assumed 
is  -g^g  =  -0012,  or  -0000067  for  one  degree;  this  value  is  somewhat 
below  the  truth. 

311.  Mercury  does  not  act  on  iron  directly,  hence  it  is  kept  in 
iron  vessels.  There  is  great  affinity  between  iron  and  gold;  for 
small  delicate  work  gold  is  recommended  as  better  than  copper 
for  soldering  iron.  Tin' and  iron  readily  form  an  alloy,  and 
melted  tin  is  a  powerful  solvent' of  iron,  one  part  of  tin  being 
sufficient  to  cause  the  fusion  of  five  parts  of  iron  at  a  much  lower 
temperature  than  would  be  sufficient  without  the  tin.  The  possi- 
bility of  alloying  iron  and  zinc  has  been  disputed ;  MM.  Dumas, 
Berthier,  Karsten,  and  others  contend  that  such  alloy  is  possible, 
whereas  M.  .Thenard  and  others  deny  this  possibility;  the  metals 
are  found  naturally  alloyed,  and' iron  is  a  common  impurity  in 
zinc:  The  evidence  appears  in  favour  of  the'  possibility,  but  no 
doubt  the  affinity  ■  between  *  the  metals  is  very  slight  indeed. 
The  alloys  of  iron1  are  not' used  in  the  arts,  but  iron  alloyed 
superficially  with  tin  is  very  common,  as  is  also  iron  covered  with 
zinc;  from  the  difference '■'between  the  affinities  of  these  metals 
for  iron,  it  appears  probable  zinc  should  impair  the  strength  of 
iron  less  than  tin,  zinc-covered  (galvanised)  iron  should  be  pre- 
ferred therefore  where  strength  is  desired.  Mr.  Kirkaldy  found, 
no  sensible  effect  was '  produced  by  ■  tinning  or  galvanising  on 
the  strength  of  iron  plates  Ty  to  |"  thick,  very  thin  plates  are 
probably  weakened  by  tinning,  and  in  a  less  degree  by  galvan- 
ising. Tinning  is  performed  by  immersing  the  plates  in 
.melted  tin  after  cleaning  them  with  very  weak  solution  of 
sulphuric  and  muriatic  acids,  heating  them  to  redness,  and 
scouring  them  with  sand.  Galvanising  is  performed  as  follows : 
— the  iron  is  first  pickled  in  a  solution  of  sulphuric  acid,  it 
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is  then  dipped  into  a  solution  of  chloride  of  zinc,  dried,  and 
finally  placed  in  a  bath  of  melted  zinc  covered  with .  fused 
chloride.  The  articles  should  remain  immersed  until  t  the  tem- 
perature of  the  bath  is  the  same  as  before  their  immersion,  they 
should  then  be  removed,  and  subsequently  -well  washed  in  a 
solution  of  soda  to  prevent  corrosion  by  adherent  chloride,  of 
zinc.  Sometimes  a  simple  bath  of  solution  of  muriatic  acid  is 
used  to  clean  the  iron,  but  the  result  is  inferior.  An  excellent 
mode  of  galvanising  is  to  immerse  the  clean  iron  in  a  solution  of 
a  compound  of  oxide  of  zinc  and  potash,  and  deposit  the  zinc  on 
the  iron  in  the  usual  way  by  means  of  a  battery.  It  should  be 
remarked  that  metallic  coatings  preserve  the  iron  only  so  long 
as  they  are  continuous,  when  they  become  discontinuous  they 
hasten  oxidation;  hence  galvanised  wire  should  be  well  covered, 
and  in  making  joints  in  galvanised  wire  care  should  be  taken  to 
re-cover  with  tin  any  part  denuded  of  zinc. 

312.  The  softer  and  more  fibrous  qualities  are  more  readily 
corroded  than  those  harder  and  more  crystalline.  Vibration  has 
the  effect  of  reducing  the  liability  to  corrosion,  therefore  in  store 
iron  is  more  liable  to  corrode  than  when  in  use.  When  corrosion 
has  commenced  at  any  part  it  spreads  rapidly,  probably  by  reason 
of  a  galvanic  action  between  the  rust  and  iron.  Before  painting 
iron  the  rust  should  be  scraped  off,  excepting  sufficient  to  leave 
a  rough  surface  for  the  paint.  Iron  cells  and  other  closed  struc- 
tures rust  less  rapidly  in  the  interior  if  they  be  closed  to  prevent 
the  contained  air  being  frequently  changed. 

313.  An  extensive  series  of  experiments  was  made  by  Sir  W. 
Fairbairn,  to  compare  the  stiffness  or  pliability  of  wrought  and 
cast  iron  under  various  conditions  of  load;  the  results  of  these 
experiments  were  as  follows : — For  tensile  forces  not  exceeding  in 
intensity  7-5  tons  per  square  inch  the  mean  elongation  of  cast  iron 
is  about  two  and  a  quarter  times  that  of  wrought  iron,  the 
ultimate  extension  of  the  cast  iron  is  aboiit  three  times  that  of  the 
wrought  iron,  and  within  this  limit  of  load  the  set  of  the  cast  iron 
is  considerably  greater  than  that  of  wrought  iron.  "Within  the 
limit  of  6  tons  tensile  load  for  cast  iron  and  13-5  tons  for  wrought 
iron,  to  produce  equal  elongations  in  cast  iron  and  wrought 
iron,  the  loads  must  be  as  1  :2*25.  "When  the  intensities  of  the 
loads  are  5-5  tons  for  cast  iron  and  12'5  tons  for  wrought  iron 
per  square  inch,  the  sets  and  strains  are  respectively  equal  to 
each  other;  the  ultimate  strain  of  wrought  iron  per  ton  per 
square  inch  is  about  eight  times  that  of  cast  iron,  and  the 
relative  ultimate  strains  of  wrought  and  cast  iron  are  as  26  : 1. 
In  other  experiments  made  by  Mr.  Lloyd  with  wrought  iron 
having  the  exceptionally  high  average  tenacity  of  32  tons  per 
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square  inch,  the  relative  ultimate  strains  were  as  130  : 1.  "When 
the  intensities  of  the  loads  exceed  12-5  tons  for  wrought  iron, 
and  5-5  tons  for  cast  iron,  the  set  of  wrought  iron  is  the  greater; 
and  for  loads  exceeding  in  intensity  15  tons  per  square  inch,  the 
set  of  wrought  iron  greatly  exceeds  the  ultimate  set  of  cast  iron. 
In  Sir  W.  Fairbairn's  experiments,  when  the  intensity  of  the 
load  was  15  tons  per  square  inch  the  set  was  "5  of  the  strain, 
when  the  intensity  was  raised  to  20  tons  per  square  inch  the  set 
was  -917  of  the  strain.  Mr.  Kirkaldy  found  the  relation  between 
the  strain  and  stress  varied  extremely  in  different  qualities  of 
wrought  iron,  and  to  a  considerable  extent  in  specimens  of  the 
same  brand.  The  above  results  have  great  practical  value, 
demonstrating  the  conditions  which  must  be  fulfilled  when 
cast  iron  and  wrought  are  combined  to  mutually  assist  each 
other  in  resisting  a  load.  If  cast  iron  and  wrought  iron  be 
combined  in  a  beam,  the  cast  iron  resisting  compression  and  the 
wrought  iron  tension,  the  two  materials  do  not  act  together, 
hence  such  beams  are  not  used.  If  a  cable  tank  of  cast  iron  is 
to  be  strengthened  by  hoops  of  wrought  iron  (a  common  mode  of 
making  water  tanks),  if  the  wrought  iron  hoop  were  put  on  cold, 
for  loads  less  in  intensity  than  7*5  tons  per  square  inch  the 
intensity  of  the  load  on  the  wrought  iron  would,  be  only  four- 
ninths  that  on  the  cast  iron;  because,  below  this  limit  the  load, 
on  cast  iron  and  wrought  to  produce  equal  strains  must  be  as 
1  to  2-25,  hence  the  wrought  iron  would  be  less  efficient  than  an 
equal  mass  of  cast  iron.  If  however,  the  wrought-iron  hoops  be 
shrunk  on  by  being  placed  on  hot,  that  by  cooling  they  put  a 
compressive  load  on  the  cast  iron,  then  they  are  more  useful 
than  an  equal  quantity  of  cast  iron  would  be,  and  lightness  as 
compared  with  a  tank  of  cast  iron  only  is  practicable.  Suppose 
the  wrought  iron  to  have  a  tension  of  3  tons  per  square  inch 
when  the  strain  on  the  cast  iron  is  that  due  to  its  working  load, 
say  1*5  ton  per  square  inch,  the  strain  on  the  wrought  iron  will 
correspond  to  a  load  =  1*5  x  2-25  =  3;375;  this  together  with  the 
original  load  of  3  tons  would  make  the  intensity  of  the  load  on  the 
wrought  iron  6"375  tons;  as  the  working  load  on  wrought  iron  is 
aboivt  5  tons  this  is  too  much,  the  best  tension  to  put  on  the  hoops 
is  between  2  and  3  tons.  The  set  of  cast  iron  under  the  action  of 
a  load  limited  as  supposed  is  much  greater  than  that  of  wrought 
iron,  but  this  can  be  allowed  for  in  putting  tension  on  the  hoop. 
314.  Some  kinds  of  iron  are  red  short,  others  cold  short,  the 
cause  of  these  peculiarities  are  stated  above.  Red-short  iron  is 
difficult  to  work  as  it  is  brittle  when  heated,  and  this  may  prove 
a  source  of  insecurity  in  some  cases,  but  in  general  cold  shortness 
is  a  more  serious  defect,  as  its  consequences  are  unavoidable. 
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315.  The  average  strength,  of  bars  and  plates  of  -wrought  iron 
as  compared  with,  cast  iron  is  about  as  follows : — the  tenacity  of 
wrought  iron  is  about  three  times  that  of  cast  iron,  and  the 
resistance  of  the  former  to  crushing  is  about  one-third  that  of 
the  latter;  but  both  materials  differ  very  widely,  and  the  above 
statement  is  a  general  one  not  given  as  applicable  to  particular 
cases. 

316.  The  tenacity  and  resistance  to  crushing  of  wrought  iron 
cannot  be  compared  in  general  terms  with  any  pretence  to 
accuracy,  as  there  is  great  difficulty  in  determining'  the  point  at 
which  the  softer  qualities  begin  to  yield  to  compression;  in  bars 
and  plates  on  the  average  the  resistance  to  compression  is  roughly 
somewhat  less  than  two-thirds  the  tenacity.  In  hard  qualities 
the  tenacity  and  the  resistance  to  crushing  are  both  high,  and  in 
soft  qualities  both  are  low;  annealing  or  other  process  which 
reduces  the  hardness  and  brittleness  also  reduces  the  tenacity, 
and  viae  versd.  A  high  tenacity  is  not  alone  a  test  of  good 
quality,  for  it  may  be  accompanied  by  brittleness;  the  best 
qualities  are  not  the  most  tenacious,  they  have  a  high  ductility 
with  the  maximum  tenacity  consistent  therewith,  compared  with 
some  inferior  qualities  the  tenacity  may  be  low.  Hard  brittle 
iron  is  unsuiibed  to  resist  shocks,  difficult  to  weld,  and  readily 
weakened  by  punching  rivet  holes,  hammering,  &c,  therefore 
although  its  tenacity  is  higher,  for  most  purposes  it  is  less  reliable 
than  softer  qualities.  There  is  much  inferior  iron  in  the  market 
which  has  a  high  tenacity  and  low  ductility;  telegraph  wire  has 
usually  a  low  tenacity  compared  with  ordinary  hard  wire  although 
usually  dense  and  fine  in  quality,  the  weakness  being  due  to 
extreme  softness.  Mr.  Kirkaldy  was  led  by  results  of  his 
experiments  to  consider  the  contraction  of  area  at  the  section  of 
rupture  an  essential  element  in  estimating  the  quality  of  iron, 
from  experiment  on  its  ultimate  tenacity;  and  that  this  area  is 
an  important  element  indicating  the  degree  of  ductility  is  gen- 
erally admitted,  but  its  precise  value  or  significance  is  not  per- 
fectly known,  as  it  is  not  determined  to  what  extent  it  is 
influenced  by  other  conditions  than  ductility  of  the  iron,  such  as 
the  shape  of  the  specimen,  &c. 

317.  Some  authorities  consider  iron  is  altered  in  texture  and 
rendered  brittle  by  being  stibjected  to  vibration  and  repeated 
shocks,  although  the  strain  may  not  exceed  the  proof  strain.  It 
is  known  that  repeated  applications  of  a  load  exceeding  the  proof 
load  ultimately  produce  fracture,  and  it  is  contended  therefore 
that  for  shocks  and  vibration  to  cause  brittleness  the  strain  must 
exceed  the  proof  strain.  The  evidence  on  which  it  is  concluded 
that  structural  change  takes  place  is  somewhat  inconclusive,  not 
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being  founded  on  accurate  experiment,  but  in  a  great  measure  on 
— -firstly,  observation  of  the  appearances  presented  by  the  fractured 
surfaces  of  axles,  shafts,  chains,  and  similar  objects;  secondly,  the 
fact  that  such  objects  fail  after  being  in  use  for  some  years,  the 
only  admissible  explanation  of  the  failure  being  loss  of  strength 
or  deterioration  of  the  material ;  and,  thirdly,  the  fact  that  anneal- 
ing is  found  to  prevent  failure,  the  explanation  of  which  is  the 
production  of  a  molecular  change,  an  explanation  in  accordance 
■with  the  results  of  conclusive  experiments,  annealing  having  been 
found  to  restore  the  strength  of  over-strained  .  beams,  plates 
■weakened  by  punching,  &c.  Mr.  Kirkaldy  found  iron  fractured 
suddenly  invariably  presented  a  crystalline  appearance,  when 
fractured  slowly  its  fracture  was  invariably  fibrous.  He  found 
the  appearance  of  the  fractured  surfaces  might  be  altered  by  the 
shape  of  the  specimen,'  and  by  its  relative  hardness,  accordingly 
as  these  conditions  rendered  the  iron '  more  or  less  liable  to  fail 
suddenly  without  stretching.  In  the  fibrous  fractures  the  threads 
are  drawn  out  and  clearly  exhibited,  the  section  of  fracture  is 
irregular  ;  in  the  crystalline  fracture  the  fibres  are  broken  across, 
they  are  viewed  endwise,  the  section  of  fracture  is  always  at  right 
angles  to  the  axis  of  the  bar,  and  the  contraction  of  transverse 
area'at  the  section  of  fracture  is  less  than  when  the  load  is  applied 
gradually.  Professor  Rankine's '  observations  and  the  results  of 
his  experiments  on  journals  of  railway  carriage  axles  are  at  vari- 
ance with  Mr.  Kirkaldy's  experiments;  the  crystalline  fracture  was 
not  invariably  presented  by  axles  broken  by  the  hammer,  some 
exhibited  the  fibrous  and  others  the  crystalline  appearance.  From 
the  above  it  maybe  concluded — 1.  Iron  should  not  be  unnecessarily 
subjected  to  sharp  shocks  and  violent  vibration;  2.  when  such  is 
unavoidable,  as  in  crane  chains  for  example,  the. iron  should  be 
periodically  annealed  to  reduce  the  risk  of. failure;  and  3.  a 
crystalline  fracture  does  not  necessarily  indicate  absence  of  fibre, 
on  the  contrary,  it  is  consistent  with  the  fibrous  texture,  and  may 
be  due  to  the  manner  in  which  fracture  was  caused. 

318.  The  tenacity  of  malleable  iron  (not  wire-drawn)  varies 
between  about  15  and  nearly  33  tons  per  square  inch;  both  these 
extremes  are  exceptional.  Twenty-five  tons  is  commonly  assumed 
as  the  average  tenacity  in  practical  calculations,  but  this  is  too 
high.  Below  20  tons  the  iron  is  regarded  as  inferior,  but,  as 
already  explained,  the  ductility  of  the  metal  must  be  taken  into 
account,  for  the  weakness  may  be  due  to  insufficient  working, 
bad  metal,  or  merely  to  extreme  softness ;  on  the  other  hand 
a  high  tenacity  may  be  accompanied  by  brittleness,  and  iron 
exceptionally  tenacious  is  generally  hard  and  brittle.  After 
comparing  the  principal  authorities  on  the  subject,  the  following. 
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conclusions  have  been  arrived  at.  Exceptionally  bad  qualities 
are  excluded,  and  the  strength  is  expressed  in  tons  on  the  square 
inch  : — Bars  vary  in  tenacity  between  18-4  tons  and  29  tons,  the 
average  of  the  several  qualities  is  about  24  tons ;  Bessemer  iron 
ingot  18-4  tons,  worked  324  tons.  Plates  appear  less  variable, 
but  their  average  tenacity  is  lower,  it  varies  between  19  and  27-3 
tons,  the  average  of  many  descriptions  is  23-25  tons,  or  between 
3  per  cent,  and  4  per  cent,  less  than  the  average  of  bars;  in 
practice  the  average  is  lower,  being  between  22  and  23  tons. 
Bars  are  sometimes  as  much  as  16  per  cent,  stronger  than  plates; 
in  small  sections  they  are  about  14  per  cent,  stronger  as  a  rule. 
In  Bessemer  iron  the  difference  is  less,  boiler-plate  has  a  tenacity 
of  30 -5  tons,  the  difference  between  bars  and  plates  is  6  per  cent. 
The  above  figures  relate  to  longitudinal  tenacity.  Plates  are  as 
a  rule  weaker  loaded  transversely,  this  difference  is  in  general 
about  10  per  cent.,  the  average  found  by  M.  Navier ;  it  is 
occasionally  much  less,  it  is  probably  less  in  Bessemer  iron,  but 
the  author  has  not  seen  any  records  of  experiments.  The  tena- 
city of  specimens  cut  from  crank-shafts  and  other  large  forgings 
is  greater  lengthwise  of  forging  than  crosswise;  the  differences 
in  Mr.  Kirkaldy's  experiments  were  6-25  and  16  per  cent.  The 
averages  obtained  by  several  earlier  authorities  are  higher  than 
those  given  above ;  the  average  of  Mr.  Telford's  experiments  was 
29  tons,  but  the  ultimate  elongation  shews  the  iron  to  have  been 
hard ;  Mr.  Brunei,  in  three  sets  of  experiments,  found  the  aver- 
ages to  be  30-4,  32-3,  and  30-8  tons  respectively ;  Mr.  Rennie 
and  Captain  Brown  both  found  the  average  near  25  tons. 
Forged  iron  in  large  masses  varies  in  tenacity  between  about  15 
and  21  tons  per  square  inch,  the  average  is  probably  somewhat 
higher  than  the  mean  of  these  numbers.  Rivet  iron  has  the 
maximum  tenacity  consistent  with  a  high  degree  of  ductility  ;  its 
tenacity  varies  between  about  26-5  and  27  tons.  Bolts,  thin  bars, 
and  high  quality  hoop  iron,  average  about  29  tons.  The  tenacity 
of  cable  iron  for  chain  making  received  from  several  factories,  was 
between  20  and  24  tons  (Prud'homme);  a  soft  iron  easily  welded 
is  used  for  this  purpose  ;  the  best  English  chains  are  made  of  iron 
of  a  quality  similar  to  that  of  rivet  iron.  The  strength  of  oval 
linked  chain  of  this  iron  is  about  15-25  tons,  and  of  cable  chains 
20-3  tons  per  square  inch  of  section,  the  ratio  between  the  num- 
bers being  7  :  9  nearly. 

319.  The  process  of  wire-drawing  increases  tenacity  and  hard- 
ness ;  but  annealing  restores  the  softness  and  reduces  the  tenacity. 
The  relative  tenacity  of  thin  wire  is,  as  a  rule,  greater  than  that 
of  thick  unless  it  be  annealed.  The  following  are  some  values 
obtained  by  or  deduced  from  experiments,  the  wire  not  having 
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Strength  of  Telegraph  Wire  in  Tons  per  Square  Inch  op 

Section. 


B.W.G. 

Diameter. 

No.  1. 

No.  2. 

No.  3. 

Decrease  per  Cent, 
due  to  'Annealing. 

Inches. 

Soft. 

Hard. 

Soft 

Hard. 

Soft. 

No.  2. 

No.  3." 

0000 

•454 

35-80 

24-80 

.31 

00 

•363 

37-23 

26  00 

1 

31 

1 

•300 

34-71 

24-39 

37-72 

25-15 

30 

28 

2 

•280 

34-92 

24-48 

30 

3 

•260 

33-69 

21-71 

36 

4 

■240 

33-73 

24-80 

25-5 

*4 

•236 

25-62 

5 

■220 

34  09 

25-26 

34-67 

25-85 

26 

28 

*6 

•197 

25-50 

6 

•203 

34-48 

24-82 

28 

6 

•200 

36-00 

25-92 

28 

7 

•185 

37-00 

25-10 

32 

*7 

•177 

25-87 

8 

•170 

33-97 

23-29 

31-5 

9 

•155 

34-34 

21-75 

36-6 

10 

•140 

33  48 

22-88 

32  ' 

11 

•125 

29-28 

23-205 

21 

11 

■120 

35-12 

25  21 

30 

*11 

•118 

26-00 

12 

•110 

31-70 

22-77 

28 

13 

•095 

37-73 

.25-15 

40-24 

25-15 

33 

37 

14 

•085 

39-94 

27-41 

31 

14 

•083 

39-15 

26-79 

31-6 

15 

•075 

41-60 

30-44 

27 

15 

072 

38-37 

29-05 

24 

1G 

•065 

40-34 

24-20 

47-35 

27-00 

40 

43 

•17 

•059 

26-16 

18 

•050 

44-64 

25-67 

45 

18 

■049 

26-04 

37  87 

23-67 

37-5 

19 

•045 

41-85 

23-715 

43-6 

*20 

•039 

26-158 

20 

•040 

37-77 

22-36 

41 

21 

•035 

37-94 

22-32 

37-94 

22-32 

41 

41 

22 

•030 

41-45 

25-50 

38-5 

22 

•028 

36-60 

21-96 

40 

Averages 

25-90 

36-85 

24-80 

37-205 

24-65 

33 

33 

*  In  these  wires  the  sizes  only  approximate  to  those  of  the  numbers  placed 
against  their  diameters;  the  other  sizes  and  diameters  are  given  by  different 
authorities  as  the  correct  Birmingham  wire  gauge,  but  it  should  be  remarked 
the  authorities  differ. 
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been  annealed  after  drawing;  the  strength  is  stated  in  tons  per 
square  inch: — -1"  diameter,  36  tons  (Barlow);  -2"  to  -05"  diameter, 
35  to  43  tons  (Telford);  wire  for  Niagara  bridge,  45  to  46  tons; 
for  Freiburg  bridge,  50  tons;  -126"  to  -122"  diameter,  49-1 
to  52-5  tons  (Prud' homme);  31-75  to  57-15  tons  (Morin);  31-25 
to  44-64  tons  (Bankine);  average  41-7  tons  (Dufour);  47  tons 
(Vicat).  The  preceding  table  has  been  calculated  from  the  cir- 
culars of  three  separate  firms  which  manufacture  large  quantities 
of  telegraph  wire ;  the  numbers  represent  the  contract  ultimate 
tenacity  in  tons  per  square  inch  of  section,  the  numbers  heading 
the  columns  distinguish  the  several  manufacturers. 

The  iron  used  for  drawing  into  telegraph  wire  is  of  good  quality, 
commonly  "best  best,"  as  a  high  degree  of  ductility  is  almost 
invariably  specified;  the  tensile  strength  shewn  in  the  table  is 
lower  than  that  stated  for  iron  wire  generally  by  some  of  the 
authors  quoted,  by  reason  of  the  softness  of  the  iron.  Charcoal 
iron  was  formerly  more  commonly  used  than  at  present  for  wire, 
but  it  is  more  expensive  than  "  best  best "  ordinary  iron,  and 
the  latter  is  in  general  use.  The  average  tenacity  of  hard  wire 
is  about  37  tons;  that  of  soft  wire  between  24  and  25  tons  in 
Nos.  2  and  3,  and  nearly  26  tons  in  No.  1.  The  quality  of  No. 
1  is  very  constant ;  in  Nos.  2  and  3  the  strength  varies,  No.  3 
being  the  more  variable ;  constancy  is  probably  an  evidence  of 
care  in  manufacture,  particularly  in  soft  wire.  Hard  wires  less 
than  -1"  in  diameter  are  somewhat  stronger  than  larger  sizes,  the 
averages  being  No.  2,  38-3  tons,  and  No.  3,  41-4  tons.  Soft 
wires  vary  very  little  in  strength,  the  averages  are  24-75  and  26 
tons  for  the  small  sizes,  the  loss  of  strength  by  annealing  these 
sizes  being  35  per  cent,  and  38-5  per  cent,  respectively.  The 
effect  of  wire-drawing  is  to  harden  the  iron. and  raise  its  tenacity 
from  rather  more  than  24  tons  to  an  average  of  about  37  tons 
per  square  inch,  or  nearly  50  per  cent. ;  for  sizes  larger  than  -1" 
diameter  the  increase  is  rather  less,  in  smaller  wires  the  strength 
is  raised  to  about  40  tons.  The  effect  of  annealing  is  to  reduce 
the  tenacity  of  the  wire  to  that  of  the  original  bar.  There  are 
variations  in  strength  probably  due  to  the  mode  of  manufacture,  but 
the  maximum  tenacity  appears  to  be  developed  between  about  14 
and  16  B.  W.  G.  in  Nos.  2  and  3;  it  is  highly  probable  repeated 
working  renders  the  iron  weak  after  improving  it  up  to  a  maximum. 
Hard  wire  differs  considerably  in  tenacity,  the  extremes  being,  No. 
2,  34-09  and  40-34  tons,  No.  3,  29-28  and  47-35  tons,  the  differences 
being  5-25  and  18-07  tons  respectively;  the  differences  for  soft 
wire  are  -66  ton,  7-09,  and  8-73  tons  respectively;  probably 
with  greater  care  in  annealing  Nos.  2  and  3  would  be  rendered 
more  constant,  for  omitting  two  wires  in  one  and  three  in  the 
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other  the  differences  are  reduced  50  per  cent.  For  hard  -wire  no 
average  tenacity  can  be  assumed,  nor  can  it  be  assumed  in 
practice  that  a  small  size  'will  be  certainly  proportionately 
stronger  than  a  larger ;  but  a  tenacity  of  24  tons  per  square  inch 
may.  be  safely  assumed  for  good  quality  soft  wire,  and  this 
tenacity  ought  to  be  maintained.  A  high  degree  of  ductility 
is  a  necessity  in  telegraph  wire,  but  there  appears  a  needless 
sacrifice  of  strength  in  favour  of  ductility  when  the  smaller 
sizes  are  used  extremely  soft.  Not  only  a  minimum  ductility 
but  a  minimum  tenacity  also  should  be  specified,  but  care 
should  be  taken  not  to  specify  inconsistent  conditions.  Many 
engineers  insist  on  extreme  softness,  others  do  not  insist  on  the 
thinner  wires  being  thoroughly  annealed.  It  is  evident  from 
the  above  table  that  stranded  wire  if  soft  is  no  stronger  than 
solid  wire  of  the  same  sectional  area,  but  it  is  more  costly  and 
exposes  a  greater  surface  to  corrosion,  hence  the  single  wire  is 
safer;  but  stranded  wire  if  hard  or  only  partially  annealed  is 
stronger  than  similar  single  wire  equal  to  it  in  sectional  area. 
It  should  be  remarked,  that  the  above  observations  refer  only  to 
wire  of  the  descriptions  referred  to  in  the  tables — viz.,  of  "  best 
best "  iron. 

320.  The  ultimate  extension  of  malleable  iron  depends  in  a 
great  measure  on  the  relative  hardness  of  the  specimen ;  a  very 
soft  specimen  may  elongate  as  much  as  30  per  cent.,  and  a  very 
hard  specimen  may  elongate  only  1  per  cent. ;  bars  not  excep- 
tionally brittle  elongate  from  13  to  30  per  cent,  before  breaking; 
plates  are  less  variable  than  bars;  excluding  bad  qualities,  the 
longitudinal  extension  varies  between  4  and  17  per  cent.,  the 
transverse  extension  is  from  10  to  50  per  cent,  less  than  the 
longitudinal.  In  some  of  the  highest  quality  plate-iron  the 
longitudinal  extension  varies  between  5  and  7  per  cent.  The 
ultimate  elongation  of  wire  varies  between  the  most  extreme 
limits  stated  above;  the  hardest  wire  snaps  without  sensibly 
elongating,  the  softest  will  stretch  30  per  cent.  Annealed  tele- 
graph wire  is  usually  specified  to  stretch  at  least  16  to  20  per 
cent. ;  25  per  cent,  is  common  in  the  soft  wire  commonly  used. 

321.  The  resistance  offered  by  malleable  iron  to  crushing  is  on 
an  average  about  17  tons  per  square  inch;  in  practice  it  may 
vary  about  1  ton'  more  or  less  from  the  average.  The  softer 
qualities  flatten  out,  and  their  strength  cannot  be  accurately 
determined.  M.  Rondelet  found  an  inch  cube  bore  31  tons;  Mr. 
Hodgkinson  found  an  intensity  of  9  to  10  tons  per  square  inch 
produced  a  slight  set,  and  27  to  30  tons  flattened  the  specimens 
through  one-sixteenth  of  their  length.  The  following  results  of 
experiments  made  at  Woolwich  are  given  by  Mr.  Anderson  : — 
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Specimens  cut  from  bars  '75"  to  2-5"  square,  50  tons  per  square 
inch  produced  a  set  of  about  -25" ;  a  set  of  -003"  was  produced 
by  13-4  tons  in  one  specimen,  and  between  14  and  15  tons  per 
square  inch  in  two  others;  three  other  specimens  of  iron  required 
between  11  and  12  tons,  and  one  14-2  tons  per  square  inch — the 
specimens  were  short  cylinders  -533"  diameter  and  1"  long.  The 
resistance  of  iron  in  the  interior  of  large  forgings  was  found  to 
be  less  than  the  figures  stated  above ;  1 1  "5  tons  per  square  inch 
was  the  average  intensity  of  load  required  to  compress  the  iron 
•003".  Sir  W.  Fairbairn  found  the  ultimate  load  of  a  hollow 
square  pillar  8'  long  1'  6"  square,  and  made  of  plate  -5"  thick, 
to  be  equal  to  13-6  tons*  per  square  inch;  the  tube  failed  by 
buckling.  Malleable  iron  is  seldom  subjected  to  compression  in 
such  forms  as  to  render  the  determination  of  its  ultimate  resist- 
ance to  crushing  of  importance ;  as  a  rule  it  fails  by  buckling. 

322.  The  transverse  strength  of  malleable  iron  differs  as  widely 
as  its  tenacity.  Mr.  Kirkaldy  found  the  constant  (strength  of  a 
bar  1  inch  square  supported  on  supports  1  foot  apart  and  loaded 
in  the  centre)  for  Swedish  bar  iron  3473  lbs.;  but  plates  are 
much  weaker,  and  for  ordinary  plate  beams  the  eonstant  is  only 
about  two-thirds  this  value.  The  resistance  of  wrought  iron  to 
shearing  is  somewhat  less  than  its  tenacity;  in  good  rivet  iron  it 
averages  about  21  tons  per  square  inch.  The  torsional  strength 
of  wrought  iron  is  commonly  assumed  to  be  1000  foot-pounds  per 
square  inch;  with  the  other  mechanical  properties  of  the  material 
it  varies  very  widely,  and  in  practice  is  between  700  and  1000 
foot-pounds  per  square  inch. 

323.  A  riveted  joint  has  a  less  tenacity  than  the  plates  or  bars 
connected,  by  reason  of  the  reduction  of  sectional  area  by  the 
rivet  holes.  The  joint  sectional  area  of  the  rivets  should  evi- 
dently be  equal  to  the  sectional  area  of  the  plate  or  bar  after 
punching  the  holes ;  in  practice  the  rivets  are  frequently  slightly 
larger  than  this  rule  prescribes.  The  tenacity  of  single  riveted 
joints  is  about  13  tons,  and  of  double  riveted  joints  (the  rivets 
placed  zig-zag)  16  tons  per  square  inch;  or  the  tenacity  of  the 
plate  being  100,  that  of  a  single  riveted  joint  is  56,  and  of  a 
double  riveted  joint  70.  When  the  rivets  are  arranged  in  rows 
in  the  direction  of  the  tension  (chain  riveting),  the  plate  is  not 
necessarily  so  much  weakened,  and  the  joint  may  more  nearly 
approximate  to  the  plate  in  tenacity;  such  joints  may  have  a 
tenacity  of  17*75  to  nearly  21  tons  per  square  inch. 

324.  The  resistance  of  iron  to  a  bursting  force  is  stated  by  one 
author  to  be  70,000  per  square  inch — i.e.,  its  extreme  tenacity  ; 
it  cannot  exceed  the  tenacity,  and  if  the  vessel  burst  be  thick 
compared  with  its  lateral  dimensions  it  may  be  much  less.     The 
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intensity  of  pressure  in  pounds  per  square  inch  required  to  burst 
a  thin  hollow  cylinder  is  obtained  by  multiplying  the  tenacity 
of  the  material  in  pounds  per  square  inch  by  the  thickness  of 
the  cylinder,  and  dividing  the  product  by  the  radius ;  the  ratio 
of  thickness  to  radius  to  resist  a  given  pressure  may  be  obtained 
from  the  same  formula':  the  ultimate  stress  on  the  material  is 
evidently  equal  to  its  tenacity  or  the  tenacity  of  its  joints.  This 
formula  applies  to  tanks  for  cables,  boilers,  and  all  similar 
structures  in  which  the  thickness  is  small  compared  with  the 
diameter.  The  resistance  of  a  spherical  shell  is  twice  that  of  a ' 
cylinder  equal  to  it  in  radius  and  thickness.  The  intensity  of 
external  pressure  necessary  to  cause  collapse  of  a  thin  hollow 
cylinder  with  butt  joints  was  found  by  Sir  W.  Fairbairn  to  be 
inversely  as  the  length,  inversely  as  the  diameter,  and  directly 
as  the  2-19th  power  of  the  thickness;  slight  departure  from  the 
circular  section  seriously  impaired  the  strength,  and  when  rings 
of  angle  or  hoop  iron  were  riveted  round  the  tubes  at  intervals, 
their  strength  was  raised  to  that  of  tubes  equal  in  length  to  the 
distances  between  rings.  The  thickness  t  and  diameter  d  being 
expressed  in  inches,  and  the  length  or  distance  between  two 
rings  I  being  expressed  in  feet,  the  ultimate  resistance  E.  is 

approximately  B,  =  806,000  jy. 

325.  The  resistance  of  plates  to  bending  or  buckling  under 
compression  was  found  by  Mr.  Hodgkinson  to  vary  nearly  as 
the  cube  of  the  thickness,  their  other  dimensions  being  constant. 
In  Mr.  Mallet's  buckled  plates  great  strength  is  obtained  by 
making  the  plate  convex  in  the  centre,  and  surrounding  it  by  a 
flat  rim  or  fillet,  which  suffers  extension  when  under  the  action 
of  a  load  the  convexity  in  the  centre  is  compressed ;  they  usually 
fail  by  being  pressed  flat  at  the  centre.  The  working  load  varies 
with  the  square  of  the  thickness  within  the  limits  of  -048"  and 
•375".  A  plate  3  feet  square,  '25  inch  thick,  and  having  a  con- 
vexity of  1-75  inch,  bears  4-5  tons,  and  3  tons,  for  steady  and 
moving  working  loads  respectively. 

326.  The  proof  strength  of  wrought  iron  is  about  one-third  of 
its  ultimate  strength ;  the  factor  of  safety  for  a  dead  load  is  3  to 
4,  for  a  live  load  6 ;  4  is  commonly  employed  in  telegraph 
structures,  but  as  applied  to  the  wire,  in  some  cases,  it  is  some- 
what too  low,  because  the  load  is  not  entirely  a  dead  load,  and 
the  load  on  the  wire  is  not  usually  measured.  As  the  wire  is 
soft,  when  subjected  to  vibration  and  tension  it  stretches,  and 
thus  if  the  tension  be  too  great  it  is  reduced  by  elongation  of  the 
wire,  but  this  should  be  avoided,  particularly  in  thin  wires,  and 
for  hard  wires  a  higher  factor  should  generally  be  used.   Wrought 


WORKING  AND  PROOF  LOADS  ON  IRON.  215 

iron  may  be  loaded  to  half  its  ultimate  tenacity  for  purposes  of 
proof,  the  load  being  only  applied  once  for  a  short  interval,  and 
"without  vibration  or  impact,  although  repeated  application  of 
the  same  load  would  ultimately  cause  fracture.  Beams  are  com- 
monly tested  to  half  their  ultimate  strength,  the  same  precau- 
tions being  observed.  In  testing  ironwork  containing  joints,  by  its 
deflection,  allowance  must  be  made  for  the  yielding  of  the  joints 
on  the  first  trial ;  in  plate  beams  the  trial  deflection  is  increased 
50  per  cent,  by  this  yielding,  and  only  after  this  has  taken  place 
is  the  deflection  the  same  as  that  for  a  solid  rod.  The  factor  of 
safety  commonly  assumed  for  wire  ropes  is  7  for  a  live  load ;  for 
stays  and  ties  to  telegraph  posts  4  is  sufficiently  high ;  for 
stranded  wire  used  for  overhead  lines  in  towns  a  somewhat 
higher  factor  should  be  employed.  Chains  are  proved  to  about 
^g-  of  their  ultimate  load;  cables  stretch  about  3-3  per  cent.,  and 
short-linked  chains  4-4  per  cent,  under  proof.  There  is  much 
difference  of  opinion  on  the  intensity  of  the  working  load  actually 
admissible  in  practice — a  common  rule  is  to  allow  5  tons  per 
square  inch  for  tensile,  and  4  tons  for  compressive  loads  respec- 
tively ;  by  some  authorities  these  intensities  are  only  permitted 
in  iron  of  good — i.e.,  above  average  quality.  One  authority 
allows  4  tons  in  large,  and  3  tons  in  small  sections  for  com- 
pression, 5  tons  tension  for  ordinary  plate  iron,  5  tons  for 
ordinary  bar,  and  6  tons  for  extra  good  bar  per  square  inch. 
Another  authority  allows  7  tons  tension,  and  5'5  tons  com- 
pression, if  the  load  is  all  dead ;  but  when  the  load  is  mixed 
a  higher  maximum  intensity  is  admitted  for  the  dead  load  the 
greater  its  ratio  to  the  live  load ;  when  the  load  is  practically  all 
live  3-5  tons  and  2-75  tons  tension  and  compression  respectively 
are  the  limits.  The  Board  of  Trade  rule  for  railway  bridges 
permits  the  following  factors  of  safety ; — All  dead  load  3,  with 
vibration  4,  with  shocks  6 ;  and  allows  in  the  first  case  5  tons 
for  both  compression  and  tension.  The  French  rule  limits  the 
intensity  of  the  load  to  3-81  tons  per  square  inch.  The  most 
rational  mode  is  to  estimate  the  strength  of  the  iron  as  nearly  as 
practicable,  and  use  a  factor  of  safety ;  4  in  ordinary  cases,  as  for 
poles,  and  rather  more  for  wire,  raising  this  to  6  when  severe 
shocks  are  to  be  anticipated,  and  increasing  it  to  10  or  even 
higher  in  the  case  of  chains,  shafts,  and  similar  bodies  liable  to 
the  shocks  due  to  a  suddenly  arrested  falling  weight,  or  the 
sudden  stoppage  of  machinery;  even  in  the  latter  cases  the 
mechanical  value  of  the  greatest  possible  shock  can  be  estimated, 
and  the  factor  of  safety  should  depend  on  calculation  {vide 
Paragraph  57). 

327.  The  deflection  of  wrought  iron  under  a  transverse  load 
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must  be  kept  below  -g^  of  the  span  or  the  material  receives  a 
permanent  set;  it  is  usually  limited  in  plate  girders  to  1(f00  of 
the  span  for  the  working  load,  the  depth  of  beam  varying 
between  about  ^  and  -i.  of  the  span,  the  average  is  about  ^, 
but  yj.  is  considered  by  some  authorities  the  most  economical  as 
regards  material.  The  above  data,  together  with  those  given  in 
Chapter  II.  section  6,  are  applicable  to  telegraph  poles  considered 
as  cantilevers,  and  the  formulae  given  in  Paragraph  144  are  appli- 
cable. In  telegraph  poles  the  relation  of  depth  to  length  stated 
above  as  adhered  to  in  designing  beams,  must  be  regarded  as  a 
limit,  the  ratio  used  for  beams  not  being  adhered  to;  but  in 
respect  to  deflection  and  set  the  case  of  a  telegraph  pole  does  not 
differ  from  that  of  a  beam;  if  in  any  case  the  deflection  exceed 
the  stated  fraction  of  the  span  a  set  is  the  consequence.  Manu- 
facturers of  poles  usually  state  the  weights  of  the  poles,  and  their 
ultimate  loads  as  cantilevers;  but  the  deflection  with  the  proof 
load  should  be  ascertained  in  order  that  the  best  form  may  be 
decided  upon  in  any  particular  case.  Strength  cannot  be  con- 
sidered apart  from  stiffness,  because  a  pole  having  a  relatively 
high  ultimate  strength  may  have  a  relatively  low  proof  strength 
— i.  e.,  it  may  be  badly  bent  by  a  smaller  load  than  would 
sensibly  distort  a  pole  of  another  pattern,  notwithstanding  that 
the  ultimate  load  of  the  second  pole  be  lower  than  that  of  the 
first.  If  the  strength  be  alone  considered,  the  greatest  strength 
is  obtained  with  a  given  mass  of  matter  when  the  thickness  of 
the  tube  is  -£$  of  the  diameter,  the  transverse  strength  of  the 
tube  is  then  twice  that  of  a  solid  cylinder  containing  the  same 
quantity  of  matter ;  if  the  stiffness  be  so  fixed  that  under  the 
proof  load  the  deflection  shall  be  restricted  below  that  which 
would  cause  a  sensible  set,  then  the  depth  of  the  tube  must  bear 
that  same  ratio  to  the  span  as  is  adopted  for  wrought-iron  beams. 
Some  engineers  adhere  as  nearly  as  possible  to  the  proportions 
for  beams  as  in  Morton's  oval  pole  and  the  poles  of  Messrs. 
Hamilton  &  Co.  (both  of  which  patterns  have  been  patented);  in 
the  latter  the  proportion  of  depth  (diameter)  to  height  in  the 
simple  poles  varies  between  '0317  for  the  weakest  and  -053  in 
the  strongest,  the  wrought-iron  portion  only  being  included;  the 
smallest  fraction  common  in  girders  is  '06.  An  example  in 
which  the  strongest  form  for  a  given  mass  is  approached  as 
nearly  as  practicable  is  the  Siemens  pattern,  the  pole  consists 
of  a  cast-iron  basement  segment  standing  4'  4"  clear,  and  of  a 
welded  iron  tube  making  the  total  height  17  feet  clear,  the 
diameter  at  the  base  is  4  inches,  the  ratio  is  therefore  -0191, 
in  the  case  of  the  wrought  iron  alone  it  is  -046.  The  ratios  of 
thickness  to  diameter  are  in  the  Hamilton  pole  approximately 
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•018  and  "012,  for  the  weakest  and  strongest  poles  respectively; 
in  the  Siemens   pole,  it  is  for  the  example  given  above,  for 
the  cast  segment   -0625,  and  for  the  wrought  iron  -0716,  and 
the  inventor  claims  the  proportion  is  about  that  which  gives 
the  maximum   strength  for  a  given  mass   of   material.      The 
following  appear  the  principal  reasons  for  departing  from  the 
proportions  adopted  for  beams: — Telegraph  posts  are  required 
to  be  lighter  in  proportion  to  their  length  than  beams,  as  the 
load  they  are  required  to  resist  is  comparatively  very  light,  the 
weight  of  the  pole  sometimes  reaching  one-third  of  its  load ;  hence 
such  provision  cannot  be  made  to  ensure  stiffness'  without  making 
the  metal  too  thin  for  stftngth  ;  whereas  a  beam  has  to  bear  its 
transverse  load  either  continuously  or  frequently  repeated,  the 
transverse  load  on  a  telegraph  post  is  the  exception  and  not  the 
rule,  stays  or  struts  being  generally  used  when  the  load  exceeds 
a  very  light  one.     The  production  of  a  set,  unless  considerable, 
being  due  to  exceptional  circumstances,  causes  no  inconvenience, 
it  is  therefore  cheaper  to  allow  the  set  to  be  produced  in  the 
exceptional  cases  than  to  prevent  it  by  providing  against  it  in 
every  pole  ;  a  pole  accidentally  bent  is  unsightly,  but  the  cause 
which  operated  to  produce  the  set  having  ceased  to  operate  or 
recur,  the  stability  of  the  structure  is  not  endangered  as  the 
existence  of  a  bridge  would  be  if  passing  loads  produced  such  a 
set  on  its  girders.     From  the  above  it  is  evident,  ordinary  iron 
poles  are  unsuited  to  bear  any  but  light  transverse  loads  com- 
pared with  their  section,  by  reason  of  their  inadequate  stiff- 
ness ;  therefore,  the  practice  of  dispensing  with  lateral  support  on 
curves  and  placing  the  poles  nearer  each  other  can  only  be  adopted 
in  any  case  after  it  has  been  ascertained  that  the  particular  poles 
are  sufficiently  stiff  for  the  purpose.    Adequate  stiffness  not  being 
supplied  by  the  pole  alone,  it  must  be  given  by  lateral  support 
or  trussing,  hence  it  is  a  common  practice  to  tie  or  strut  every 
angle  pole ;  but  when  staying  or  strutting  are  impossible,  as,  for 
example,  in  the  case  of  a  pole  in  a  waterway  where  lateral  sup- 
port cannot  be  given,  and  a  transverse  load  cannot  be  avoided, 
then  adequate  stiffness  must  be  bestowed  by  increasing  the  depth 
of  the  pole ;  this  is  sometimes  done  by  coupling  two  or  more 
poles  together.     As  in  every  other  structure  adequate  stiffness 
is  necessary,  and  the  stiffness  as  well  as  the  strength  of  a  pole 
should  be  considered  in  applying  it,  it  must  depend  on  the  man- 
ner of  its  employment  to  what  extent  transverse  stiffness  can  be 
dispensed  with  ;  if  every  angle  pole  is  to  be  stayed  or  strutted, 
and  transverse  load  on  simple  poles  carefully  avoided,  an  absence 
of  stiffness  may  be  permitted,  which  would  be  dangerous  if  the 
simple  poles  were  to  carry  transverse  loads  on  curves  and  at  slight 
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angles.  Other  considerations — e.g.,  portability,  power  of  resist- 
ing oxidation,  and  cost,  nave  to  be  considered  in  designing  poles ; 
but  upon  the  stiffness  depends  the  resistance  really  available, 
and  this  available  resistance  is  an  essential  element  in  considering 
the  value  of  any  pattern.  That  load  the  pole  will  bear  without 
suffering  such  distortion,  permanent  or  temporary,  as  to  render 
it  unsafe  or  unsightly,  is  the  measure  of  its  strength  in  practice. 
If  a  transverse  load  has  to  be  borne,  a  small  set  may  be  admitted, 
but  not  an  increasing  set,  and  in  all  cases  the  stiffness  as  well  as 
the  strength  of  the  pole  should  be  known.  Pliability  considered 
apart  from  any  consequent  set  is  a  convenient  quality,  as  its 
existence  causes  the  strained  body  to  indicate  by  its  flexure  when 
the, actual  load  is  too  nearly  approximate  to  the  ultimate  or 
proof  load,  and  thus  by  giving  visible  notice  of  overloading 
it  offers  the  opportunity  for  avoiding  actual  failure  ;  a  brittle 
body  on  the  contrary  offers  no  visible  means  of  judging  when 
it  is  overloaded,  excepting  by  actual  failure ;  but  pliability  is 
in  itself  a  source  of  weakness  and  inconvenience,  and  beyond 
sufficient  to  give  due  notice  of  impending  failure,  should  be  dis- 
pensed with  as  far  as  possible.  Other  conditions  being  constant 
the  stiffest  structure  is  as  a  general  rule  the  strongest.  The 
following  examples  will  illustrate  the  above : — A  bamboo  has 
sufficient  strength  to  admit  of  its  use  as  a  telegraph  pole,  but  its 
pliability  is  a  source  of  insecurity;  for  its  vibration  under  the 
action  of  a  strong  breeze  may  either  lead  to  failure,  or  so  loosen 
the  post  in  the  ground  as  to  render  it  unsafe.  The  employment 
of  bamboos  in  India  is  confined  to  temporary  purposes,  but  if  a 
temporary  line  has  to  be  erected  on  bamboos  (excepting  when  to 
be  watched  by  a  working  party  and  required  only  for  perhaps 
twenty-four  hours),  the  bamboos  are  used  in  pairs,  tied  together 
to  form  shears  which  are  placed  across  the  alignment,  this  arrange- 
ment being  required  to  obtain  sufficient  stiffness  for  safety.  It  is 
evident  pliability  should  be  limited,  that  posts  which  would  wave 
in  the  wind  like  trees  would  be  very  inconvenient  in  use,  for  if  not 
injurious  to  the  post  itself,  such  vibration  would  be  injurious  to 
other  parts  of  a  line  of  telegraph,  and  seriously  affect  the  per- 
manence and  efficiency  of  the  whole  structure,  particularly  during 
storms.  Other  points  in  which  extreme  pliability  would  be  very 
inconvenient  will  readily  suggest  themselves — e.g.,  a  post  should 
be  stiff  enough  to  admit  of  a  ladder  being  used  against  it,  and 
to  resist  in  a  great  measure  a  shock  from  a  wheel  or  a  large 
animal. 

328.  The  following  moduli  of  elasticity  are  given  on  the  autho- 
rity of  Professor  Eankine : — 


ELASTICITT — BESILIENCE 

; — FASTENINGS. 

Good  bar  iron — average,    . 

„     plate  iron —    „ 
Iron  wire —               ,, 

Ultimate 
Tenacity. 

60,000 
50,000 
90,000 

Modulus  of 
Elaaticity. 

29,000,000 

24,000,000? 

25,000,000 

219 


By  means  of  the  above  table  the  modulus  of  resilience  may  be 
calculated;  for  any  other  quality  of  iron  the  modulus  of  elasticity 
may  be  obtained  as  explained  in  Paragraph  51,  and  the  modulus 
of  resilience  calculated  from  the  tenacity  and  elasticity  as  ex- 
plained in  Paragraph  57.  Another  author  states  the  elasticity 
of  unannealed  iron  wire  at  50°  F.  to  be  26,467,700 ;  at  5°  F., 
25,230,500;  and  anneated  wire  at  212°  F.,  28,418,600;  the 
specific  gravity  of  the  wire  was  7-553.  The  same  author  found 
iron,  specific  gravity  7-757,  between  59°  F.  and  5°  F.  to  have 
a  modulus  of  elasticity  =  29,569,000. 

329.  The  fastenings  used  to  connect  ironwork  are  rivets,  bolts, 
pins,  wedges,  screws,  and  keys.  Rivets  are,  as  a  rule,  preferred 
to  bolts  because,  being  applied  hot,  and  hammered  to  form  the 
lead,  they  more  completely  fill  the  holes,  and  the  shearing  stress 
is  distributed  more  nearly  uniformly  over  the  cross  section  of  the 
rivet ;  but  for  great  loads,  as  in  joining  the  flanges  of  masts,  bolts 
are  preferred,  being  more  easily  applied.  Pins  are  very  generally 
employed  to  connect  the  parts  of  ties;  keys  are  very  generally 
i*aed  to  fix  wheels  and  barrels  on  axles,  for  keeping  pins  in  place, 
&c.  Screws  (excepting  as  screw  bolts)  are  not  in  common  use  as 
fastenings,  excepting  for  small  work ;  in  construction  bolts  are 
preferred,  but  screws  are  commonly  used  in  ties  for  adjusting 
them.  If  fastenings  are  subjected  to  shearing  stress  only,  as  with 
rivets,  and  commonly  with  bolts,  then  they  must  be  proportioned 
to  resist  this  stress  only;  but  unless  they  actually  fit  the  holes 
made  to  receive  them,  all  such  fastenings  require  to  have  their 
sectional  areas  increased  in  the  ratios  given  in  Paragraph  100, 
beyond  the  area  actually  necessary  to  allow  sufficient  resistance 
to  a  uniformly  distributed  shearing  load,  for  the  stress  is  not  in 
this  case  uniformly  distributed,  it  has  its  maximum  through  the 
axis  of  the  fastening.  The  distance  between  the  centres  of  con- 
tiguous rivets  is  termed  the  pitch  of  the  riveting ;  if  the  bars  or 
plates  riveted  together  are  to  suffer  tension,  then  the  sectional 
area  of  the  rivets  should  be  equal  to  that  of  the  plates  or  bars 
after  punching  the  holes,  the  resistance  of  good  rivet  iron  to 
shearing  being  equal  to  that,  of  plates  to  tension ;  if  the  riveting 
is  to  suffer  longitudinal  compression  the  rivets  may  be  placed 
nearer  to  each  other  than  is  indicated  for  tension,  for  in  this  case 
they  do  not  weaken  the  work,  and  by  pitching  them  close  the 
plates  are  prevented  from  separating  by  buckling  between  the 
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rivets  -when  compressed.  As,  however,  tie  plates  may  be  injured 
by  punching,  very  close  pitching  is  avoided  excepting  with  very 
thin  plates.  For  plates  less  than  half  an  inch  in  thickness  the 
diameter  of  the  rivets  is  iisually  equal  to  twice  the  thickness  of 
the  plate,  for  thicker  plates  about  once  and  a  half  the  thickness  of 
the  plate,  and  for  very  thick  plates  sometimes  only  once  that 
thickness,  but  never  less;  the  length  of  rivet  allowed  for  clenching 
is  equal  to  two  and  a  half  diameters.  From  the  above  it  follows 
that  in  a  single  riveted  lap  joint,  the  plates  being  less  than 
half  an  inch  thick,  the  most  economical  disposition  of  material 
is  obtained  by  using  a  pitch  of  three  diameters,  and  the  dis- 
tance from  the  centre  of  the  rivet  to  the  edge  of  the  plate  on 
each  side  should  be  equal  to  the  pitch.  In  double  riveted  joints 
the  rivets  are  arranged  in  a  zig-zag  along  the  joint.  In  chain 
riveting  the  rivets  are  arranged  in  files  at  right  angles  to  the 
line  of  the  joint;  the  joint  is  therefore  generally  wider  than  in 
other  kinds  of  riveted  joints.  By  placing  the  rivets  behind 
each  other  the  sectional  area  of  the  plates  is  not  so  much  reduced 
as  in  the  other  modes  of  arranging  them;  the  sectional  area  of 
the  rivets  is  determined  as  in  other  riveted  joints.  A  common 
form  of  joint  when  chain  riveting  is  employed,  is  the  butt  joint 
■with  covering  plates;  but  it  is  manifest  the  weakesb  section  of 
such  a  joint  is  through  the  rivet  holes— the  joint  is  only  as 
strong  as  the  section  of  the  plate  joined  measured  through  the 
rivet  holes.  As  rivets  fill  the  holes  the  shearing  stress  may 
be  considered  equally  distributed  over  the  cross  section  of  the 
rivet,  but  when  the  work  is  loaded  longitudinally  the  stress  is 
not  uniformly  distributed  over  the  section  of  the  plates  at  the 
joint,  the  stress  being  communicated  through  the  rivets,  and  not 
at  every  part  of  the  joint,  as  in  a  welded  joint;  in  a  single 
riveted  joint  the  resistance  is  reduced  by  one-fifth  by  unequal 
distribution  of  the  stress.  The  commonest  form  of  screw  is  that 
•with  the  triangular  thread;  a  better  form  for  acting  in  one 
direction,  as  in  bolts,  would  be  that  with  one  surface  perpen- 
dicular to  the  pressure  and  the  other  surface  inclined,  the 
section  being  a  right-angled  triangle — wood  screws  are  some- 
times made  in  this  form.  The  square  thread  is  used  as  a  rule 
only  in  screws  intended  to  work  both  ways,  as  in  vice  screws; 
it  is  more  durable  and  less  liable  to  injure  the  nut  if  excessively 
strained  or  improperly  inserted,  but  it  is  not  so  strong  as  the 
triangular  thread;  screws  with  the  edges  of  the  thread  and 
groove  rounded  may  be  considered  as  a  compromise  between  the 
triangular  and  square  forms.  Screw  threads  may  be  considered 
as  very  short  cantilevers ;  they  suffer  a  shearing  stress,  and  the 
length  of  the  nut  should  be  such  that  the  ultimate  resistance  of 
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the  thread  to  shearing  may  be  at  least  equal  to  the  tenacity  of 
the  bolt;  it  should  not  be  less  than  one-half  the  least  diameter 
of  the  bolt,  but  in  general  it  is  much  more.     Screws  used  for 
pressure,   as  vice  screws,  should   have   long  female    screws   to 
equalise  the  wear  between  the  two  screws.     The  tenacity  of  a 
bolt  is  the  tenacity  of  the  diameter  measured  between  the  screw 
threads.     The  pitch  should  not  as  a  rule  be  greater  than  one- 
fifth  the  least  diameter,  and  may  be  much  less ;  the  projection 
of  the  thread  is  usually  half  the  pitch.     The  head  of  a  bolt  is 
usually  about  twice  the  diameter   of  the  neck,  and  its  thick- 
ness somewhat  greater  Jihan  half  that  diameter.     Bolts  when 
overstrained  usually  fail  at  the  commencement  of  the  thread,  as 
this  section  divides  the  bolt  into  two  parts  differing  in  torsive 
stiffness  (Paragraph  108),  in  the  inferior  bolts  used  for  insulator 
brackets  this  mode  of  failure  is  very  common;  several  modes  of 
removing  this   source   of  weakness   have   been   proposed — e.g., 
making  the  neck  of  the  bolt  uniform  with  its  least  diameter  and 
making  the  neck  hollow,  these   expedients  are  not  generally 
applicable;   if  the  depth  of  the  groove   be  made  to  decrease 
gradually  towards  the  neck,  the  same  end  is  attained,  and  in  all 
bolts  of  inferior  quality  this  point  deserves  consideration.     The 
author  has  seen  many  bolts,  of  the  quality  used  with  the  ordinary 
malleable  iron  bracket,  twisted  in  two  by  means   of  a  short 
wrench,  and  has  known  telegraphic  communication  to  be  inter- 
rupted by  the  failure  of  such  bolts  in  the  manner  described. 
Mr.  Kirkaldy  found  good  wrought-iron  screwed  bolts  were  not 
necessarily  injured,  although  strained  nearly  to  the  breaking 
point;  those  made  with  old  dies  were  more  tenacious  than  those 
made  with  new  dies,  being  more  hardened;  that  the  tenacity  of 
bolts  of  different  sizes  was  as  their  areas,  the  smaller  sizes  being 
but  slightly  proportionately  stronger  than  the  larger;    case-har- 
dened bolts  ( Paragraph  343)  were  less  tenacious  than  those  of 
iron  only,  the  greater  tenacity  of  the  ■  thin  steel  skin  was  more 
than  counterbalanced  by  the  greater  ductility  of  the  iron.     As 
already  stated,  common  bracket  bolts  are  rendered   unsafe  if 
over-strained.     Bolts  and  other  fastenings  when  to  resist  tension 
must  be  proportioned  to  this  tension,  and  may  in  general  be 
smaller  than  when  required  to  resist  shearing  only.     In  order 
that  keys  or  wedges  may  be  safe  against  slipping  out  of  their 
seats  they  must  have  stability  of  friction — i.  e.,  their  angle  of 
obliquity  must  not  exceed  the  angle  of  repose  for  clean  metal 
surfaces,  this  is  about  9°,  but  to  allow  for  the  surfaces  being 
greasy  the  angle  is  usually  limited  to  4°  (Paragraph  49). 

330.  In  designing  joints,  the  relation  between  the  dimensions, 
and  pitch  of  the  rivets  or  bolts,  and  the  dimensions  of  the  work 
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shmild  be  so  fixed  that  the  fastenings  may  be  equally  distri- 
buted over  the  whole  work,  and  the  holes  be  so  placed  that  there 
may  be  no  fear  of  the  fastenings  being  torn  out ;  countersinking 
of  rivet  heads  or  flattening  of  them  down  should  be  avoided 
when  possible  ;  countersinking  is  only  admissible  in  thick  plates, 
and  can,  as  a  rule,  be  dispensed  with  in  telegraph  construction. 
In  conical  tubular  poles  fitted  together  in  segments,  as  in  Hamil- 
ton's poles,  several  rivets  have  to  be  clenched  very  flat ;  the 
author  never  heard  of  failure  of  an  ordinary  pole  at  these  rivets, 
but  in  tall  poles  {e.g.,  40  feet)  made  on  this  plan  such  rivets  are 
a  source  of  weakness,  and  the  author  has  known  instances  of 
failure  (the  posts  were  not  supplied  by  Messrs  Hamilton  and  Co.) 
at  these  flattened  rivets.  When  rivets  have  been  clenched  with 
a  hammer,  the  metal  is  shaped  by  means  of  a  die  termed  a  snap ; 
if  a  rim  of  metal  be  formed  by  the  snap,  this  may  be  cut  off 
with  a  chisel,  it  is  better  however  to  leave  it  on,  as  there  is  risk" 
of  damaging  the  plate  in  removing  it.  Punching  is  more  generally 
employed  than  drilling  for  making  holes  for  fastenings  ;  drilling 
is  more  expensive,  but  it  damages  the  plate  less,  and  is  there- 
fore preferred ;  but  in  punching  an  exceptionally  brittle  plate  is 
broken,  and  the  weakness  due  to  punching  may  be  removed  by 
annealing.  Punching  is  only  applicable  when  the  diameter  of 
the  hole  to  be  made  exceeds  the  thickness  of  the  plate)  if  it  be 
less,  the  hole  must  be  drilled.  If  the  holes  to  receive  fastenings 
are  not  made  exactly  opposite  each  other,  an  instrument  termed 
a  rhymer  is  used  to  enlarge  the  hole ;  when  this  instrument 
is  used,  as  is  the  case  sometimes,  to  remove  the  effects  of 
careless  drilling  or  punching,  it  is  objectionable,  and  engineers 
sometimes  specify  therefore  that  it  be  not  used  at  all ;  but 
when  used  to  smooth  the  holes,  due  care  having  been  taken  in 
making  them,  there  is  no  objection  to  its  use,  in  fact  it 
becomes  beneficial.  The  lap  joint  is  inferior  to  the  butt  joint 
with  butt  covers,  particularly  when  compression  is  to  be  resisted 
it  is  not  so  well  suited  for  making  plate  iron  cylinders,  as  it 
necessitates  a  slight  departure  from  the  circular  section  by  which 
there  is  a  considerable  sacrifice  of  resistance  to  lateral  com- 
pression. Butt  joints  may  have  one  or  two  covering  plates;  the 
edges  of  the  plates  to  be  connected  should  be  planed  or  cut  true, 
and  if  they  do  not  quite  meet  at  any  part  the  joint  may  be  filled 
in  with  zinc — the  work  should  be  heated  and  melted  zinc  run 
into  the  joint.  In  connecting  plates  or  bars  to  form  structures, 
they  should  break  joint  as  much  as  possible.  Masts  should  be 
in  as  few  segments  as  practicable,  the  best  mode  of  joining  these 
segments  is  by  bolts  through  flanges,  the  flanges  being  carefully 
faced  true;  that  mode  of  joining  in  which  one  tube  is  fitted 
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tightly  inside  another  is  inferior  in  strength  and  stiffness  to  a 
flanged  joint,  particularly  in  thin  tubes,  for  in  such  cases  the 
angle-iron  flanges  greatly  increase  the  resistance  both  to  a  trans- 
verse load  and  to  lateral  compression  (Paragraph  334).  Bars  for 
stiffeners,  covering  plates,  &c,  should  be  forged  to  shape,  and 
not  bent  cold.  Two  pieces  of  soft  wire  may  be  joined  by  a  lap 
joint  bound  with  thin  wire;  if  the  binding  be  put  on  with  a 
mallet  a  short  joint  may  be  readily  made  as  strong  as  the  uncut 
wire.  An  eye  may  be  turned  on  a  wire  by  bending  the  end 
round  and  binding  with  thin  wire.  Eyes  are  sometimes  turned 
on  wires  by  simply  twisting  the  end  round  the  wire  itself,  such 
eyes  are  very  deficient  in  strength,  they  are  liable  to  slip,  and 
the  bending  frequently  renders  the  wire  unsafe ;  if  the  eyes  be 
made  by  using  binding  wire,  single  wire  ties  may  be  safely  used. 
The  ordinary  joints  used  for  joining  wire  are  described  in  another 
place.  Ties  of  wire  rope  may  be  spliced  as  hempen  ropes;  if  the 
wires  be  thin  an  eye  splice  round  an  iron  form  or  dead-eye  is 
said  to  be  the  only  mode  of  turning  an  eye  in  which  the  joint  is 
as  strong  as  the  rope;  in  making  this  splice  a  serving  of  wire  is 
put  on  above  and  below  the  splice.  Eyes  are  frequently  turned 
on  rope  ties  made  of  thick  wire  by  twisting  the  wires  forming  the 
strands  separately  round  the  rope,  this  is  applicable  to  thick 
wire  only;  the  eye  is  turned  and  the  strands  being  separated 
each  is  successively  laid  between  the  strands  of  the  rope  for  a 
short  distance,  closely  twisted  three  or  four  times  round  the 
rope,  and  its  end  cut  off;  the  several  strands  should  be  finished 
off  about  6  inches  apart,  the  last  should  be  twisted  close  to  the 
eye.  This  mode  of  turning  an  eye  is  not  suited  to  rope  in  which 
each  strand  consists  of  several  wires;  probably  the  be3t  mode  of 
making  an  eye  in  this  case,  when  a  splice  is  inadmissible,  is  to 
separate  the  strands  of  the  end,  lay  them  between  the  strands  of 
the  rope  for  some  distance,  and  put  on  a  tight  serving  of  thin 
wire  with  a  mallet.  Some  authorities  state  precautions  to  be 
observed  in  serving  on  binding  wire ;  if  such  servings  be  put  on 
with  the  mallet  the  fastening  of  the  ends  requires  no  special 
precautions,  excepting  to  secure  neatness.  When  the  binding 
wire  is  soft  there  is  no  fear  of  it  springing  to  an  extent  likely  to 
render  it  unsafe  if  one  end  be  bound  in  the  serving  and  the  other 
laid  under  a  strand;  if  the  wire  be  not  stranded  the  ends  may  be 
turned  in,  or  wound  three  or  four  times  round  the  single  wire. 
If  the  serving  be  put  on  by  hand  it  is  very  inferior,  as  the  wire 
is  not  stretched  on  or  killed  unless  care  be  taken  in  securing  the 
ends  it  is  liable  to  spring  loose. 

331.  Angle  iron  of  various  forms  is  used   for  simple  struts ; 
built  struts  are  made  of  various  forms  of  section  by  fastening 
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together  Tsars  of  different  sections,  or  bars  and  plates.  Formulae 
for  calculating  the  strength  of  struts  are  given  in  Paragraphs  77, 
78,  and  80.  The  commonest  kinds  of  tie  in  telegraph  con- 
struction is  the  cylindrical  rod  and  the  wire  rope.  The  rods  are 
linked  together  by  pins  passed  through  eyes ;  the  thickness  of 
the  pins  and  the  metal  at  the  eyes  should  be  calculated  by  the 
rules  stated  in  Paragraphs  96  and  100.  Iron  rod  ties  are  less 
liable  to  be  rendered  unsafe  by  corrosion  than  wire  ropes,  and 
they  should  be  used  in  preference  when  to  be  buried ;  they  may 
be  used  in  continuation  of  wire  ties  for  the  part  to  be  buried. 
Hooks  in  iron  ties  are  unsafe,  unless  made  very  heavy  their  use 
should  be  avoided.  Plate-iron  ties  are  joined  by  riveted  joints 
or  pins ;  they  are  seldom,  if  ever,  used  in  telegraph  construction. 
Wire  ties  are  the  strongest  ties  for  their  weight,  unless  the  wire 
be  annealed  (the  commonest  case  in  practice),  they  are  then  no 
stronger  than  good  soft  iron  rod.  Chains  are  used  as  ties  for 
stays,  temporary  lashings,  &c. ;  they  are  of  two  kinds,  open  link 
or  crane  chain,  and  studded  link  or  cable  chain ;  the  former  is 
that  used  for  cranes,  stays,  and  lashings,  the  latter  is  used  for 
marine  purposes.  Oval  linked  chain  is  seldom  used  larger  than 
of  one  inch  diameter  iron ;  it  is  weaker  than  studded  chain  in 
the  ratio,  according  to  Barlow,  of  85  :  100,  and  to  other  authorities 
7  : 9  nearly ;  the  effect  of  the  stud  is  to  cause  a  more  uniform 
distribution  of  the  stress  over  the  cross  section  of  the  link.  The 
strength  of  studded  chain  is  about  seven-ninths  of  that  of  the 
iron  rod  of  which  it  is  made,  which,  as  already  stated,  may  vary 
from  little  over  twenty  to  twenty -six  tons  per  square  inch.  Iron 
ties  are  commonly  made  of  pieces  of  line  wire ;  these  are  some- 
times twisted  together  by  passing  the  wires  through  holes  in  a 
thick  board,  and  turning  the  board  round  in  a  plane  at  right 
angles  to  the  wires,  so  as  to  twist  the  wires  together,  moving  the 
perforated  board  along  as  the  rope  is  formed  behind  it ;  this 
practice  is  not  a  good  one,  as  the  twist  is  uneven  and  the  load  on 
the  finished  rope  is  not  distributed  equally  between  the  strands. 
The  best  mode  of  forming  a  wire-rope  tie  is  the  following : — 
Stretch  wires  to  form  the  strands,  and  cut  them  to  the  same 
length ;  when  they  are  straight  they  should  be  fastened  to  a 
board  or  iron  plate  at  each  end,  if  only  two  wires  are  used  iron 
bars  may  be  used  at  the  ends  ;  the  wires  being  kept  tight,  they 
are  twisted  together  by  turning  the  boards  or  plates  to  which 
the  ends  are  fastened ;  should  a  strand  rise,  it  is  beaten  down 
immediately  ;  when  practicable  the  wires  should  move  freely  in 
the  holes  through  the  end  plates  to  avoid  twisting  the  wires 
individually;  the  tension  during  twisting  by  stretching  the  wires 
prevents  them  from  springing  when  liberated.     When  a  tie  is 
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to  have  many  strands  it  may  be  made  'with  an  eye  at  each 
end,  as  follows : — Pass  the  wire  round  two  strong  pickets 
until  sufficient  has  been  payed  on  to  make  the  tie,  bring 
the  two  ends  midway  between  the  pickets,  stretch  the  wire 
tightly  round  the  pickets,  and  again  after  paying  it  on  by 
removing  one  of  the  pickets  from  the  ground  and  hauling  on  it 
with  a  tackle ;  if  this  picket  be  caused  to  revolve,  the  wire  being 
kept  stretched,  the  whole  is  formed  into  a  tie.  The  ties  described 
above  as  made  from  wire  are  commonly  used  with  ordinary  sized 
poles;  the  last  described  is  weakest  at  the  eye,  but  is  applic- 
able in  cases  where  neatness  is  desirable,  and  a  little  extra 
material  is  of  no  consequence.  The  ordinary  thick  wire  tie  used 
without  a  dead-eye  should  have  the  eye  flattened  to  prevent  the 
tie  stretching  from  this  cause.  Thick  wire  ties  may  be  partially 
buried,  but  thin  wire  rope  should  not  be  buried,  and  it  should 
be  protected  from  oxidation,  particularly  when  in  galvanised 
wires  the  zinc  coating  has  been  damaged  in  making  a  splice ;  a 
mixture  of  oil  litharge  and  soot,  oil  paint,  coal  tar,  or  hot  oil, 
are  materials  used  to  protect  thin  wire  ties.  Wire  ties  are 
sometimes  made  by  placing  wires  parallel  and  binding,  them 
together  at  intervals;  great  care  is  necessary  ,to  distribute  the 
load  over  the  whole  section  of  such  ties,  and  their  use  should  be 
avoided.  In  twisted  ties  the  load  is  uniformly  distributed  without 
special  care,  provided  the  twist  be  not  too  long,  if  the  twist  be  too 
long  the  wires  do  not  act  together,  if  too  short  they  are  injured, 
small  sized  wires  require  a  shorter  twist  than  large  wires.  Oval 
linked  chain  may  be  used  for  heavy  ties  or  stays,  as  in  staying  stand- 
ing masts,  but  being  heavier  than  the  wire  tie  the  latter  should 
as  a  rule  be  preferred,  and  invariably  for  long  stays  to  high  masts. 
Ties  are  tightened  in  various  ways,  the  commonest  being  the 
insertion  of  a  screw  and  swivel;  post  ties  may  be  tightened  by 
inclining  the  pole  slightly  towards  the  tie,  fixing  the  anchor,  and 
then  pulling  the  post  up  to  the  vertical.  A  simple  mode  of 
adjusting  ties  is  to  push  the  collar  up  the  pole,  and  fix  it  up  by 
a  wedge  driven  between  the  collar  and  pole  from  below.  Wrought 
iron  is  subjected  to  transverse  loads  in  the  forms  of  flanged 
girders  and  tubes ;  the  flanged  girder  may  be  either  built  up  of 
plate  and  bars  of  suitable  section  connected  by  rivets,  or  rolled 
in  one  piece ;  for  very  short  beams,  as  for  supporting  small  plat- 
forms, and  for  the  roofs  of  iron  cable  sheds,  angle  or  T  iron  is 
employed.  When  the  section  of  a  flanged  girder  approximates 
to  the  strongest  form — i.  e.,  the  compressed  and  extended  flanges 
have  areas  inversely  as  the  resistance  of  the  material  to  compres- 
sion and  tension  respectively — its  strength  may  be  calculated  with 
sufficient  accuracy  for  practical  purposes  by  Mr.   Hodginson's 

Q 
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rule,  expressed  as  follows: — The  beam  being  supported  at  both 
ends  and  loaded  in  the  centre,  the  breaking  weight  in  tons 
=  area  of  bottom  flange  x  depth  x  constant  ■+-  length  between  the 
supports;  the  dimensions  being  stated  in  inches.  The  value  of 
the  constant  for  wrought  iron  when  the  web  is  very  thin,  as 
sometimes  occurs  in  built  beams,  is  60,  when  the  web  is  stiff  75. 
Mr.  Hodgkinson  has  given  formulae  for  tubular  girders,  but  the 
following  approximate  formula  is  sufficient  for  most  purposes 

in  practice: — W  =  — y-  ...(1).  W  is  the  ultimate  load,  a  the  cross 

sectional  area  of  the  material  of  the  tube,  d  the  diameter  of  the 
tube,  c  a  constant  determined  for  each  form  of  section  by  experi- 
ment, and  I  is  the  distance  between  the  supports.  The  formula 
applies  to  girders  loaded  in  the  centre ;  the  ultimate  load  of  a 
cantilever  of  the  same  cross  section  and  length,  load«d  at  its 
outer  extremity,  is  one-fourth  of  W  in  the  above  formula 
(Paragraph  124).  The  value  of  c. represents  the  relative  strengths 
of  different  forms  of  cross  section — e.  g.,  the  Siemens'  tube  being 
assumed  to  fail  at  the  ground  line  with  a  leverage  of  17  feet, 
and  an  ultimate  load  of  560  lbs.,  as  stated  by  the  mater, 
its  constant  is  nearly  33;  the  Hamilton  tube  diameter  7'75'', 
being  assumed  to  fail  with  an  ultimate  load  of  500  lbs.,  applied 
with  a  leverage  of  14-5  feet,  has  a  constant  of  19-5 — the  leverage 
is  probably  overstated.  The  numbers  33  and  19J5  represent  the 
specifio  resistances  of  the  two  forms — i.  e.,  if  containing  the  same 
mass  of  material  the  strength  of  a  Siemens'  post  would  be  33, 
while  that  of  a  Hamilton  post  would  be  only  19 -5.  As  explained 
in  Paragraph  327,  stiffness  has  to  be  considered,  the  available 
strength  not  the  ultimate  resistance  is  that  with  which  the  engi- 
neer is  most  concerned.  The  above  figures  are  given  merely  as 
illustrative  examples;  the  data  are  copied  from  circulars,  and  the 
author  knowing  nothing  of  the  mode  in  which  they  were  obtained 
does  not  state  them  as  facts  for  guidance.  If  the  constant  c  be 
determined  by  experiment  for  any  form  of  beam,  then  the  strength 
of  any  similar  beam  may  be  calculated  by  the  equation  (1).  The 
experiments  made  to  determine  the  best  form  of  tube  for  tubular 
bridge  girders  shewed  the  constant  c  for  thin  iron  cylindrical 
beams  to  be  13  tons,  the  thickness  of  metal  being  very  small 
compared  with  the  diameter.  Substituting  this  value  for  a  in 
(l)i  the  strength  of  a  wrought-iron  plate  cylindrical  pole  may  be 
calculated,  the  pole  being  regarded  as  a  cantilever.  The  thick- 
ness of  the  plate  must  be  small  compared  with  the  diameter  of 
the  pole;  hence  the  area  of  the  material  is  very  nearly  equal  to 
•xd  x  t,  in  which  *  is  the  thickness  and  h-  the  ratio  between  the 
circumference  and  the  diameter  of  a  circle — hence,  from  (1)  the 
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strength  of  such  a  pole  regarded  as  a  cantilever  is  given  by  the 
equation — 

«  =  ^?  IS  tons (2.) 

By  means  of  the  above  formula  (2)  either  of  the  quantities 
d  t  Iw  may  be  found,  the  others  being  known.  (See  also  Chapter 
II.,  section  6.)  Iron  beams  are  fixed  only  at  one  point  to 
allow  for  expansion  and  contraction  with  changes  of  tempera- 
ture ;  iron  telegraph  poles  being  stayed  with  iron  stays,  the 
expansion  of  the  stays  is  sufficient  to  allow  for  expansion  of  the 
pole,  thus  no  such  special  provision,  is  required.  When  girders 
are  lifted  into  position  they  are  frequently  stiffened  temporarily 
with  timber ;  telegraph  masts  of  thin,  sheet  iron  may  require 
similar  provision  to  stiffen  them  while  being  raised.  As  a  general 
rule,  the  heel  of  the  mast  should  not  be  lifted  from  the  ground, 
and  the  mast  should  be  seized  at  two  points,  and  not  by  the  head 
only ;  if  the  mast  cannot  be  lifted  with  these  precautions  it  is 
probably  too  weak.  Should  it  however  be  necessary  to  stiffen  it, 
a  good  plan  is  to  fill  it  with  bamboos,  or  other  light  cheap  endo- 
genous wood  procurable  near  the  spot,  or  lash  on  a  light  spar 
outside. 

332.  Telegraph  masts  of  wrought  iron  differ  widely  in  pattern ; 
for  large  masts,  standing  masts  built  on  the  same  principles  as 
the  wrought  iron  lower  masts  of  ships  are  probably  the  most 
economical.  These  are  made  of  bent  plates,  each  plate  usually 
forming  an  arc  of  120°;  the  plates  are  connected  together  by 
through  riveted  lap  joints,  or  butt  joints  with  covering  strips ; 
the  masts  are  usually  stiffened  by  continuous  T  or  L  iron  in  the 
direction  of  the  mast's  length,  attached  inside,  and  frequently 
serving  the  purpose  of  covering  strips  to  the  longitudinal  joints. 
Iron  masts  are  usually  built  the  same  diameter  as  wooden  masts ; 
they  are  a3  strong  as  wooden  masts  if  well  built.  Large-sized 
iron  masts  are  less  costly  than  wooden  ones,  but  for  small  masts 
wood  is  cheaper,  unless  it  has  to  be  transported  a  great  distance. 
The  lighter  patterns  of  iron  masts  are  nearly  one-third  lighter 
than  similar  masts  of  wood ;  but  if  with  a  strong  system  of 
stiffeners,  as  applied  in  the  Royal  Navy,  the  large  masts  are 
about  as  heavy  as  wooden  masts  of  the  same  size,  and  in  small 
sizes  iron  masts  are  heavier  than  wooden  ones — the  cast-iron 
earth  tubes  used  for  telegraph  masts  are  excluded.  The  iron 
masts  used  in  the  Royal  Navy  are  more  costly  than  wooden 
masts,  but  being  stronger  and  much  more  durable,  they  are  more 
economical  and  more  reliable.  In  most  situations  iron  masts  of 
large  size,  built  as  for  merchant  vessels,  would  be  as  cheap  as  good 
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pine  masts,  and  far  more  economical ;  but  where  a  good  durable 
■wood  can  be  bought  cheaply,  whereas  ironwork  must  be  trans- 
ported a  considerable  distance,  wood  may  be  much  cheaper  than 
iron — this  is  more  often  the  case  with  smaller  sizes  up  to  say  50  feet 
than  with  larger.  Telegraph  masts  may  be  stiffened  like  the  masts 
used  in  the  Royal  Navy,  when  they  are  required  to  resist  the 
action  of  a  considerable  transverse  load,  and  lateral  support  cannot 
be  applied ;  or  in  such  cases  the  circular  section  may  be  departed 
from  and  the  mast  built  as  a  cantilever,  with  its  depth  greater 
than  its  width.  Such  cases  occur  very  seldom  indeed,  and  in 
general  a  telegraph  mast  should  be  less  costly  than  a  ship's  mast, 
for  the  plates  may  be  as  a  rule  somewhat  thinner,  the  rivets  are 
not  required  to  be  countersunk,  and  whenever  practicable,  one 
standing  mast  should  be  preferred  to  a  standing  mast  surmounted 
by  a  running  mast,  thus  dispensing  with  the  mast-head  fittings. 
The  plates  of  lower  masts  in  the  Royal  Navy  vary  in  thickness 
between  J"  and  |" ;  in  the  largest  masts  there  are  sometimes  four 
plates  in  the  circumference,  but  more  generally  three,  and  in 
small  masts  only  two.  The  "  Bellerophon "  lower  masts,  for 
example,  are  of  ^$"  plates,  three  to  the  circumference,  of  "  best 
best"  quality,  and  at  least  twelve  feet  long ;  fig.  61  represents  a 
section  of  one  of  these  masts,  the  edges  of  the 
plates  are  single  riveted,  the  ends  are  butt 
jointed,  the  joints  being  double  chain  riveted 
to  the  covering  plates  worked  inside;  the  T  bars 
are  welded  into  one  length  when  practicable, 
otherwise  they  are  used  at  least  24  feet 
long,  and  joined  with  butt  covers ;  the  longi- 
Fia.  61.  tudinal  T  irons  are  6"  x  4"  x  -5"  in  section,  every 
6  feet  transverse  stays  of  T  iron  5"  x  3  x  -5" 
are  fixed  to  form  a  triangle,  as  shewn  in  the  figure ;  great  care 
was  exercised  in  accurately  fitting  the  butt  joints  and  in  arrang- 
ing the  pieces  to  break  joint  in  the  direction  of  the  mast's  length. 
The  diameters  of  these  masts  are — fore  33",  main,  35".  The 
following  are  examples  of  the  construction  of  iron  masts  of  mer- 
chant vessels : — No.  1,  four  plates  to  the  circumference,  joints 
double  riveted  lap,  stiffeners  continuous  L  iron  worked  on  the 
centre  of  each  plate.  No.  2,  three  plates  to  the  circumference, 
joints  single  riveted  lap,  stiffeners  L  iron  worked  on  at  joints 
with  the  joint  rivets.  No.  3,  three  plates  in  circumference,  butt 
joints,  T  iron  stiffeners  worked  on  to  serve  also  as  covering  strips 
to  the  edge  joints.  In  some  cases  the  stiffeners  are  dispensed 
with,  and  an  addition  made  to  the  thickness  of  the  plate,  to  com- 
pensate for  their  absence;  horizontal  stays  of  L,  T,  or  plate  iron, 
are  sometimes  inserted  six  feet  apart,  these  serve  also  to  climb 
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and  paint  the  mast  inside.     The  following  dimensions  are  those 
prescribed  in  the  Liverpool  Underwriter's  Registry : — 


Length. 

60  feet 

Diameter. 

20  inches 

Thickness. 
Body.                  Head, 

f  inch        T\  inch. 

96   „ 

32     „ 

1                               7 

S     »              TS     » 

When  angle  irons  are  omitted  an  addition  of  -A-"  to  be  made  to 

the  thickness,  and  in  lower  masts  not  more  than 

three  plates  are  permitted  to  the  circumference.  \ 

The  commonest  kind  of  iron  trestle  trees  are  those ' 

formed  of  angle  iron  be^t  round,  fig.  62,  to  form  a  p;™  52. 
socket  for  the  topmast  heel,  and  supported  by 
plate-iron  cheeks  or  knees.  The  contraction  in  diameter  to  form 
the  mast-head  is  formed  by  fitting  a  smaller  tube  to  the  larger 
with  angle  irons  and  gussets  inside  and  at  the  top,  or  by  angle 
irons  inside  and  out,  as  shewn  in  fig.  63,  the  inner 
tube  is  inserted  in  the  outer  for  some  distance.  The 
system  of  construction  applied  in  ships'  masts  is  appli- 
cable to  telegraph  masts,  the  following  modifications 
being  made: — The  rivets  need  not  be  countersunk, 
the  strength  required  is  not  so  great,  running  masts  J 
should  be  avoided  as  a  rule,  steps  and  handles  or  an 
iron  ladder  should  be  attached  to  the  mast  for  climbing 
it.  In  most  cases  provision  must  be  made  for  separat- 
ing the  mast  into  several  pieces  for  convenience  of 
carriage — thus  it  may  be  shipped  in  several  pieces  to  j^g  53. 
be  riveted  together  on  the  site  of  the  crossing ;  the 
iron  may  be  bent,  drilled,  and  marked,  to  be  welded  or  riveted 
on  the  site  selected ;  the  tubes  may  be  made  with  flanges  to  be 
bolted  together,  or  they  may  be  joined  by  a  socket  driven  over 
the  thin  end,  or  by  an  open  socket  bolted  together  through 
flanges.  Masts  up  to  40  feet  in  length  are  sometimes  built  by 
fitting  the  ends  of  the  segmental  tubes  into  each  other,  as  in  the 
Hamilton  pole,  a  set  of  tubes  made  by  Messrs.  Hamilton  &  Co., 
consisting  of  five  segmental  tubes  each  8  feet  long,  and  a  cast- 
iron  ground  tube;  these  tubes  may  be  used  to  form  posts  from  16 
to  40  feet  long,  and  the  smaller  posts  may  be  made  of  several 
degrees  of  resisting  power  by  using  the  larger  or  smaller  seg- 
mental tubes  with  different  sized  sockets.  The'iiltimate  trans- 
verse load  of  the  weakest  combination  of  two  tubes  is  500  lbs., 
the  post  being  considered  as  a  cantilever,  loaded  at  its  unsup- 
ported end,  and  the  strength  of  the  combinations  up  to  the 
extreme  of  40  feet  is  500  Ibs.j  the  object  in  using  a  set  of  tubes 
two  of  which  form  the  ordinary  pole,  is  to  have  the  means  of 
obtaining  by  a  suitable  combination  a  post  of  any  height  up  to 
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the  maximum,  and  to  furnish,  short  posts  of  several  degrees  of 
transverse  resistance — e.  g.,  the  combination  of  the  two  smallest 
segments  has  an  ultimate  resisting  power  of  500  lbs.,  the  trans- 
verse resistance  of  the  C  and  D  segments  is  1500  lbs.,  each 
combination  being  about  16  feet  long;  another  advantage  of 
this  so-called  telescopic  combination  is  that  the  tubes  pack  inside 
each  other  for  convenience  of  transport.  Tubes  joined  by  inser- 
tion into  each  other  are  inferior  to  those  joined  by  flanges  or 
sockets,  and  this  mode  of  construction  appears  applicable  only  to 
masts  up  to  about  40  feet  in  length;  about  four  is  the  largest 
number  of  joints  which  should  be  permitted  in  such  a  mast  made 
of  thin  wrought-iron  plate  with  lap  joints,  and  no  stays  in  the 
inserted  ends  of  the  segmental  tubes.  The  principal  objection 
to  this  mode  of  jointing  would  be  removed  if  the  inserted  end  of 
each  tube  were  strengthened  by  stays  or  the  insertion  of  a  wide 
hoop,  to  resist  the  thrust  of  the  outside  tube  when  the  pole  is 
strained  transversely;  the  collars  used  at  each  joint  do  not 
support  the  inner  tube  at  all;  in  flanged  tubes  the  flanges 
strengthen  the  tube  both  above  and  below  the  joint.  Four 
pairs  of  masts  varying  in  height  between  75  and  about  120 
feet  were  erected  to  cross  four  rivers  in  Bengal;  the  basement 
tubes  were  of  cast  iron  to  above  high-water  -mark,  the  wrought- 
iron  portions  were  in  9  feet  flanged  segments,  four  strut  braces 
projected  from  the  mast  at  every  alternate  joint — i.  e.,  18  feet 
apart,  and  from  these  the  mast  was  trussed  in  the  usual  way  by 
iron  ties  with  adjusting  screws;  each  mast  had  two  tiers  of  stays, 
was  surmounted  by  a  cage  a  few  feet  below  the  insulators,  and 
fitted  with  a  vertical  iron  ladder  from  the  ground  to  the  cage. 
The  flanged  form  is  very  stiff,  and  trussing  is  very  seldom  neces- 
sary in  telegraph  masts. 

333.  Iron  wire  is  made  by  rolling  the  bar  to  a  small  section,  and 
then  drawing  it  down  by  passing  it  through  drawplates.  The 
wire  is,  as  a  general  rule,  annealed,  and  the  tests  applied  to  it 
iisually  have  reference  to  its  ductility  and  the  absence  of  flaws ; 
high  tensile  strength  being  incompatible  with  the  requisite  soft- 
ness is  not  insisted  on.  The  following  are  conditions  usually 
specified,  and  the  tests  to  which  line  wire  is  subjected  : — 

1.  The  wire  to  be  in  pieces  of  a  minimum  weight,  to  contain 
no  joint  within  this  limit,  the  piece  being  rolled  and  drawn  from 
one  piece  of  iron.  This  limit  varies  with  the  size  of  the  wire ; 
30  to  40  lbs.  is  a  common  limit  for  the  sizes  in  general  use.  The 
Indian  administration  specify  coils  of  95  to  105  lbs.  for  wire 
•251"  to  -210"  diameter,  and  of  35  to  40  lbs.  for  wire  -072"  to 
■067 ''diameter;  coils  in  one  piece  being  preferred,  but  one  joint  per- 
mitted in  each  coil.    The  kind  of  j  oint  to  be  used  should  be  specified. 
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2.  It  is  commonly  specified  that  the  wire  be  drawn  through  a 
minimum  number  of  holes,  as  drawing  is  more  beneficial  than 
rolling;  the  number  insisted  on  is  commonly  two,  but  it  is 
generally  drawn  through  a  greater  number. 

3.  The  wire  should  be  truly  cylindrical  and  of  uniform  sectional 
area.  As  trne  uniformity  cannot  be  attained,  a  margin  is  per- 
mitted, and  this  margin  is  usually  specified.  Ordinarily  the 
weight  of  any  given  wire  may  vary  5  per  cent,  from  the  average ; 
the  Indian  administration  allows  a  margin  of  only  1'5  per  cent, 
for  sizes  weighing  more  than  600  lbs.  per  mile,  and  2  per  cent, 
for  smaller  wires. 

4.  There  should  be  »o  weld  in  either  the  wire  or  rod.  It  is 
usual  to  have  the  wire  highly  annealed ;  the  degree  of  hardness 
should  be  as  uniform  as  attainable.  The  surface  of  the  wire 
should  be  smooth  and  even,  free  from  scale,  flaws,  sand  splits, 
and  projections  of  adherent  zinc.  The  wire  is  sometimes  passed 
over  and  under  a  series  of  small  pulleys  to  test  it  for  faults  such 
as  cracks. 

5.  Certain  tests  for  ductility  are  always  specified ;  these  tests 
are  of  different  kinds,  they  may  be  classified  as  elongation  tests, 
torsion  tests,  and  bending  tests.  The  elongation  tests  consist  in 
stretching  the  wire  a  certain  percentage  of  its  length.  This 
stretching  may  be  performed  directly  by  suspended  weights,  by 
hydraulic  machinery,  or  by  one  or  more  levers ;  the  Indian 
administration  admit  the  use  of  suspended  weights  only,  objecting 
to  machinery  as  introducing  elements  of  inaccuarcy,  as  friction; 
other  authorities  object  to  the  use  of  weights,  because  the  force 
is  not  added  so  gradually  as  when  the  pressure  of  water  is  used. 
The  simplest  hydraulic,  or  more  properly  hydrostatic  testing 
machine,  is  one  on  the  principle  of  the  hydrostatic  bellows,  devised 
by  Sir  W.  Thomson;  it  has  neither  springs  nor  valves,  there  is  no 
sensible  error  due  to  friction,  and  the  load  Gan  be  added  gradually; 
this  machine  is  therefore  preferred  by  some  to  the  direct  action 
of  weights.  The  machine  is  described  in  the  second  volume  of 
the  Journal  of  the  Society  of  Telegraph  Engineers.  As  short  bars 
may  stretch  more  proportionately  than  long  ones  (Paragraph 
86),  the  proportionate  ultimate  extension  being  specified  it  is 
necessary  to  specify  also  the  length  of  the  specimen  of  wire  to 
be  tested.  It  is  probable,  when  the  length  of  the  rod  tested  is 
considerable  compared  with  its  thickness,  as  in  wire,  short  speci- 
mens always  stretch  more  proportionately  than  long  ones,  and 
the  exceptions  to  this  rule  observed  by  Mr.  Kirkaldy  may  dis- 
appear. Mr.  Cully  in  75  tests  of  a  coil  of  wire,  diameter  -165 
inch,  found  pieces  10  inches  long  stretched  19-5  per  cent.,  pieces 
120  inches  long  stretched  12-7  per  cent.,  and  in  a  few  pieces^ 
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tested  in  lengths  of  100  yards,  the  ultimate  elongation  "was  but 
little  over  6  per  cent.  In  two  qualities  of  wire  -239  inch  dia- 
meter, the  ultimate  elongations  being  equal,  and  in  each  case 
18  per  cent,  when  tested  in  lengths  of  10  inches,  when  tested  in 
lengths  of  10  feet  the  ultimate  elongations  were — A  12-0  and  B 
9-0  per  cent ;  and  when  the  same  wires  were  tested  in  pieces  of 
100  yards,  the  ultimate  elongations  were — A  5 -5  and  B  4-5  per 
cent.  Mr.  Cully  found  the  time  occupied  in  testing  the  wire 
materially  influenced  the  results,  the  elongations  being  propor- 
tionately greater  when  the  wire  was  stretched  more  rapidly ; 
when  the  times  were  as  1-00,  1-73,  and  3-11,  the  ultimate  elon- 
gations were  as  17-80,  15-40,  and  13-80  respectively.  The  abso- 
lute time  occupied  in  each  case  is  not  stated.  Mr.  Bell  thinks 
the  phenomenon  may  be  explained  by  the  softening  of  the 
wire  consequent  on  the  heat  developed  by  rapid  stretching;  Mr. 
Kirkaldy  has  explained  a  decrease  of  brittleness  in  iron  at  32°  F. 
by  the  iron  being  more  warmed  by  reason  of  the  load  having  been 
applied  gradually.  Mr.  Kirkaldy  found  the  contraction  of  area 
less  with  a  suddenly  applied  load.  It  is  to  be  regretted  Mr. 
Cully  has  not  stated  the  absolute  time  as  well  as  the  relative 
time,  the  appearance  of  fracture,  and  the  ultimate  tenacity  in  each 
case,  and  that  he  has  not  given  other  than  average  figures;  for  if 
these  particulars  had  been  given,  the  results  might  have  been  con- 
sidered with  those  obtained  by  Mr.  Kirkaldy  and  others,  and  a 
nearer  approach  made  to  a  theoretical  explanation  or  the  dis- 
covery of  a  law.  It  should  be  remarked,  although  the  heat 
developed  be  the  same  whether  the  iron  be  stretched  rapidly  or 
slowly,  in  the  former  case  the  temperature  of  the  wire  would  be 
raised  more  than  in  the  latter,  for  the  total  heat  being  developed 
in  a  shorter  time  less  would  be  lost  by  radiation.  In  general  the 
elongation  test  is  applied  to  pieces  10  inches  long,  and  an  elon- 
gation of  18  per  cent,  is  commonly  specified  in  this  length.  As 
in  the  qualities  referred  to  above  as  A  and  B,  both  stood  the 
test  equally  well  in  lengths  of  10  inches,  but  shewed  a  dif- 
ference of  ultimate  elongation  when  tested  in  longer  pieces, 
and  as  this  difference  was  apparent  in  working  with  the  wire, 
Mr.  Cully  concludes  10  inches  is  too  short  a  length  for  general 
adoption  in  practice,  and  he  considers  ten  feet  a  more  suitable 
length  to  exhibit  the  quality  of  the  wire.  Assuming  that 
the  difference  in  quality  was  exhibited  in  handling  the  wire, 
but  was  not  rendered  apparent  by  the  elongation  test  ap- 
plied to  a  short  piece,  as  stated  by  Mr.  Cully,  this  would  lead 
to  the  conclusion  that  differences  of  quality  are  more  readily 
rendered  apparent  by  a  bending  test  than  by  an  elongation  test. 
Sometimes  wire  is  tested  by  being  stretched  2  to  2£  per  cent. ; 
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it  is  passed  several  times  round  a  drum,  and  is  drawn  off  this 
drum  by  passing  several  times  round  a  second  larger  drum,  the 
relative  diameters  of  the  drums  being  such  as  to  produce  the 
elongation  required.  This  process  is  also  termed  killing;  the 
wire  is  somewhat  hardened  by  the  process  and  it  is  straightened. 
In  India  the  wire  is  killed  by  being  hauled  up  to  half  dip  on 
erection;  this  load  being  kept  on  for  a  few  minutes  the  spring  is 
taken  out  of  the  wire,  it  is  straightened,  and  if  deficient  in 
tenacity  it  breaks,  or  if  the  joints  are  weak  they  open;  it  is 
claimed  for  this  mode  of  proceeding  that  the  wire  is  handled 
while  soft  and  not  rendered  harder  until  actually  erected,  and 
that  the  line  joints  and  wire  are  tested  together  by  one  opera- 
tion. The  torsion  teat  is  applied  by  holding  the  wire  in  two  vices 
a  fixed  distance  apart,  and  causing  one  or  both  of  the  vices  to 
revolve  so  as  to  twist  the  wire  round  its  own  axis;  an  ink  line 
drawn  on  the  wire  previous  to  testing  forms  a  spiral  when  the 
wire  is  twisted,  and  the  ultimate  number  of  turns  in  this  spiral 
is  the  test  of  ductility — this  is  the  test  applied  by  the  Indian 
Telegraph  Department.  Sometimes  a  machine  is  used  which, 
registers  the  number  of  turns.  The  ultimate  number  of  turns 
in  a  given  length  a  wire  -will  bear  depends  on  its  diameter,  the 
length  twisted,  and  the  time  occupied  in  applying  the  test.  Six 
inches  is  the  length  usually  tested ;  the  Indian  Telegraph  Depart- 
ment specifies  6  inches  for  wires  weighing  150  lbs.  and  more  per 
mile  and  3  inches  for  lighter  wires.  The  number  of  turns  is 
approximately  inversely  as  the  diameter  of  the  wire  tested;  Mr. 
Cully  found  the  average  of  a  large  nnmber  of  trials  was  thirteen 
turns  in  a  length  of  6  inches  of  wire,  diameter  -253  inch,  and  for 
other  sizes  was — 

Diameter,         .     -207  inch.         Turns  in  6  inches,      .     15-9 

•  -146    „  „         „         „  .     22-5 

•  -077    „  „        „        „  .     42-7 
Manufacturers    specify    12   to  18  twists  for  No.  8,  and  40  to 
50  for  No.   20  B.W.G.,  in  a  length  of  6  inches.     The  Indian 
Telegraph  Department  fixes  both  tenacity  and  ductility — e.  g.,  in 
wire  "251  to  -258  inch  diameter  the  tests  are  as  follows : —    . 


Tenacity. 

Ductility. 

Tenacity. 

Ductility; 

Lbs. 
2,775 

2,850 

Turns  in  6" 

14 
13 

Lbs. 

2,925 
3,000 
3,076 

Turns  in  6" 

12 
11 
10 
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In  cable  wire  one  turn  less  is  required  for  the  same  sized  wire 
having  the  same  tenacity.  The  time  occupied  in  testing  by  the 
torsion  test  has  very  little  influence  on  the  result  in  practice; 
Mr.  Cully  found  when  the  speed  of  turning  was  as  10  to  25  the 
number  of  twists  was  as  14  to  14-3.  It  appears  the  torsion  test  is 
more  reliable  than  the  elongation  test,  as  it  is  less  influenced  by 
time  and  appears  to  exhibit  differences  in  quality  more  readily 
and  with  greater  certainty.  Mr.  Cully  obtained  the  following 
results : — 

Diameter.  Elongation.  Twistsin  6''. 

Ordinary  wire,  .  Not  stated.  17-4  per  cent.  12 

„  „  -234  inch.  17-6       „  10 

Charcoal  „  .  Not  stated.  17-0       „  18 

Homogeneous,,  .  -253  inch.  17-6       „  13 

It  is  to  be-  regretted  Mr.  Cully  has  confined  himself  to  stating 
average  results ;  in  an  inquiry  of  this  nature  knowledge  of 
extreme  results  is  essential  to  a  just  conclusion,  and  statement 
of  the  element  of  time  is  essential.  Another  mode  of  testing 
wire  is  by  bending  it — it  may  be  fixed  in  a  vice  and  bent  back- 
wards and  forwards  to  a  right  angle  in  each  case,  until  it  breaks; 
it  may  be  bent  and  hammered  up  closely  against  itself,  in  which 
case  the  bend  should  shew  no  signs  of  failure;  or  it  may  be  coiled 
closely  several  times  round  itself.  These  tests  have  the  advantage 
of  resembling  the  treatment  the  wire  is  subjected  to  in  use. 

6.  Line  wire  is  usually  delivered  as  it  comes  from  the  testing ; 
it  is  coiled  into  close  coils  of  a  specified  weight,  being  joined 
when  necessary  by  the  usual  soldered  joint ;  it  should  not  be 
at  all  crooked,  but  even,  closely  coiled,  and  bound  with  thick 
binding  wires  preferably  put  on  hot.  Thin  wire  only  is  packed 
in  boxes  or  drums,  ordinary  line  wire  is  shipped  in  coils. 

Cable  wire  is  used  harder  than  line  wire — a  higher  tenacity, 
lower  ductility,  and  longer  pieces  are  usually  specified — e.g.,  the 
Indian  Telegraph  Department  specification  does  not  admit  joints 
in  cable  wire  coils  weighing  95  to  105  lbs.,  the  size  of  the  wire 
being  -204"  to  -258"  diameter.  "Wire  is  usually  distinguished  in 
size  by  numbers,  the  scales  used  being  known  as  the  Birmingham 
and  Whitworth  wire  gauges  respectively  ;  by  French  engineers 
and  sometimes  in  England  the  diameter  in  millimetres  is  used, 
and  in  England  the  diameter  is  frequently  stated  in  thousandths 
of  an  inch.  The  Birmingham  wire  gauge  scale  is  that  generally 
used,  but  this  scale  is  indefinite,  differing  according  to  the 
maker ;  authorities  differ  as  to  the  exact  diameter  of  the  different 
sizes,  and  in  the  smaller  wires  this  difference  is  considerable; 
some  of  these  differences  are  shewn  in  the  table,  Paragraph  319; 
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in  Nos.  20  and  21  this  difference  amounts  to  one  size,  some 
makers  designate  a  "wire  "035"  diameter  No.  20  and  others  No. 
21.  When  accuracy  is  requisite  the  diameter  of  the  wire  should 
be  stated  as  a  fraction  of  an  inch,  there  being  no  generally 
accepted  scale  to  which  it  can  be  referred  By  reason  of  the 
Birmingham  wire  gauge  being  indefinite,  its  use  is  felt  to  be 
productive  of  much  inconvenience,  and  will  be  discontinued  in 
favour  of  another  scale,  probably  the  Whitworth  scale  (described 
below),  but  at  present  there  is  much  uncertainty  and  difference 
of  opinion  concerning  the  relative  merits  of  the  several  scales 
proposed.  It  has  been  proposed  to  take  a  standard  wire  (No.  16, 
authorities  agreeing  in  stating  its  diameter),  and  refer  all  wires 
to  this  standard.  Another  proposal  is  to  use  a  scale  in  which 
No.  1  represents  a  wire  weighing  25  lbs.  per  mile,  and  taking 
this  as  a  standard,  No.  2  weighs  50  lbs.,  No.  3  75  lbs.,  etc.;  this 
scale  has  much  to  recommend  it,  being  exceedingly  simple  and 
practically  useful — it  is  used  for  line  wire  in  India."  The  Indian 
authorities  use  the  "Whitworth  gauge,  but  recognise  only  the 
gauge  by  weight,  and  specify  -that  in  case  of  dispute  as  to  size  a 
length  of  10  feet  is  to  be  weighed.  Mr,  Whitworth  has  pro- 
posed a  decimal  scale,  the  difference  between  the  sizes  being  a 
regular  number  of  thousandths  of  an  inch ;  this  scale  is  in  use. 
In  this  scale,  termed  the  Whitworth  Standard  Decimal  Gauge, 
No.  1  is  the  same  size  as  No.  1  B.W.G.,  viz.  diameter  -300  inch; 
"the  sizeB  decrease  in  diameter  by  regular  decrements  of  '020  inch 
to  No.  7  diameter  "180" ;  the  diameters  are  then  as  follows  : — 


No. 

Diameter. 

8        .             .             .             .     -165  inch 

9 

•150    „ 

10 

•135    „ 

11 

•120    „ 

12 

•110    „ 

13 

■095    „ 

14 

■085    „ 

15 

•070    „ 

16 

•065    „ 

17 

•060    „ 

18 

■050    „ 

The  several  scales  proposed  are  arranged  to  approximate  closely 
to  the  present  scale  (B.W.G.),  in  order  to  avoid  as  far  as  possible 
the  inconvenience  consequent  on  change  of  standard.  The  system 
of  distinguishing  a  wire  by  the  weight  of  a  mile  has  been  partially 
introduced  in  the  case  of  copper  wire,  it  is  sufficiently  accurate 
for  ordinary  use  in  construction.;  wire  is  bought  and  its  transport 
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paid  for  by  weight ;  its  weight  enters  into  calculations  of  tension 
of  land  lines  and  cables,  and  electrical  conductivity  is  directly 
proportionate  to  weight ;  but'  a  wire  gauge  should  be  applicable 
to  all  purposes,  and  the  decimal  gauge  appears  that  most  generally 
applicable  in  engineering  works  and  accurate  investigations.  It 
is  usual  to  state  the  diameter  of  the  wire  or  its  area,  and  con- 
tinental authorities  distinguish  wires  by  their  diameters,  wires 
have  to  be  drawn  with  reference  to  diameter  necessarily ;  while 
the  use  of  the  weight  rather  than  the  diameter  as  a  basis  for  the 
scale  the  space  being  imperfectly  defined  is  objectionable  on 
scientific  grounds.  The  real  object  of  a  gauge  is  to  distinguish 
not  mass  but  volume;  a  statement  of  the  volume  conveys  a  dis- 
tinct idea  of  the  wire — i.  e.,  whether  thick  or  thin,  easy  or  difficult 
to  work,  &c,  the  quantities  considered  being  small,  readily  appre- 
ciable by  the  senses,  and  closely  associated  in  the  mind  in  the 
complex  idea.  The  statement  of  one  dimension  and  the  weight 
does  not  convey  a  distinct  idea,  the  connection  between  the  ideas 
of  weight  and  length  being  far  less  close  than  that  between  those 
of  length  and  transverse  dimensions,  and  the  quantities  considered 
(one  mile  in  length  and  its  weight)  are  too  vast  to  be  appreciable 
by  the  senses — e.g.,  diameter  -251"  conveys  a  more  distinct  idea 
of  the  wire  than  the  statement  that  one  mile  weighs  900  lbs. 
These  considerations  have  led  to  the  general  adoption  hitherto  of 
gauges  by  diameter  rather  than  those  based  on  weight — it  appears 
better  to  strictly  define  the  volume  than  to  introduce  the  mass. 
The  cross  sectional  area  in  square  inches  multiplied  by  ten  is  the 
weight  of  a  yard  in  pounds,  a  cubic  foot  of  iron  being  assumed  to 
weigh  480  lbs. ;  and  the  relative  weight  of  different  sized  wires  is 
as  the  squares  of  their  diameters ;  hence,  from  the  volume  may  be 
readily  calculated  the  weight  with  sufficient  accuracy  for  ordinary 
purposes.  Stranded  wire  is  very  generally  used  for  town  lines 
and  long  spans,  it  is  made  either  of  three  or  of  seven  wires.  The 
advantage  of  using  stranded  wire  appears  to  be  due  to  the  fact 
that  several  thin  wires  are  more  flexible,  and  will  bear  bending 
better,  than  one  wire  of  equal  sectional  area  and  degree  of  hard- 
ness ;  hence,  in  the  stranded  wire  a  greater  degree  of  hardness, 
and  consequently  higher  tensile  strength  are  admissible,  than 
in  the  single  wire.  Telegraph  wire  is,  as  a  rule,  made  of  "best 
best"  quality  iron;  sometimes  inferior  quality  is  used  for  bind- 
ing to  insulators,  but  as  a  rule,  good  quality  wire  is  the  most 
economical  for  all  purposes. 

334.  Wrought  iron  is  used  for  fastenings,  both  for  wood  and 
brick  and  stone ;  it  is  better  suited  for  connecting  timber  than 
cast  iron,  being  more  like  timber  in  its  mechanical  proper- 
ties.     For   cramps  for   stonework  it  is  inferior,  as  it  is  more 
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liable  to  corrode,  and  by  its  expansion  split  the  stones.     Its 
liability  to  corrosion  renders  it  inferior  to  cast  iron  when  to  be 
buried  in  the  ground,  and  when  possible  structures  of  wrought 
iron  should  have  plinths  of  cast  iron,  stone,  or  wood,  to  which 
they  may  be  attached  by  bolts  or  otherwise.     Wrought  iron 
huts  built  of  continuous  or  corrugated  sheet  iron  and  angle  and 
T  iron  are  very  often  employed  for  cable  huts  in  situations 
where  difficulty  is  experienced  in  getting  a  durable  building 
erected  by  labour  and  of  materials  found  near  the  site.     These 
huts  are  somewhat   expensive  as  a  rule,  much  more  so  than 
huts  of  matting  and  bamboos,  planks,  bark,  or  other  perishable 
materials ;  but  they  are  fi*e-proof,  they  do  not  require  frequent 
inspection  to  insure  their  safety,  they  are  very  durable  if  placed 
well  above  high-water  mark,  and  if  kept  painted  they  can  be 
removed  from  any  place  where  no  longer  required — a  great  advan- 
tage when  used  for  river  cables,  as  when  a  cable  fails  the  new 
cable  is  not  always  laid  in  the  same  situation  as  the  old  one  was. 
A  hut  is. not  always  used  to  contain  the  junction  of  land  lines 
and  cables,  a  hollow  post  serves  the  purpose  equally  well ;  but 
when  the  offices  on  a  line  are  far  apart,  and  travelling  difficult 
and  slow,  as  in  India,  the  hut  serves  as  a  storehouse  for  tools 
and  materials,  as  a  testing  station,  a  rest-house,  and  when  the 
river  cable  fails  as  a  temporary  office;  the  messages  are  received 
and  despatched  at  each .  bank  hut,  and  conveyed  between  the 
two  huts  by  boats.     The  huts  are  8  to  10  or  12  feet  square, 
usually  bolted  to  balks  of  timber  (white  ants  not  attacking  wood 
in  such  situations)  to  form  a  foundation ;  but  as  the  foundation 
is   merely  superficial  (Paragraph    250),   the   ground    is  liable 
therefore  to  be  disturbed.     In  exposed  situations  on  banks  of 
made  earth  the  foundation  should  be  deeper,  or  three  or  four 
ties  should  be  thrown  across  the  roof  and  anchored  on  each  side, 
in  the  same  manner  as  pole  ties,   they  may  be  furnished  with 
ordinary  adjusting  screws.     A  hut  tied  down  sinks  with  the 
earth,  but  cannot  be  overturned;  without  such  precaution  if  the 
bank  be  injured  by  heavy  rain  and  flooding,  the  hut  may  be 
destroyed  by  a  violent  storm,  the  weight  of  the  structure  being 
insufficient  for  stability  under  such  conditions.     Wrought  iron 
is  used  in  preference  to  cast  iron  when  required  to  be  long  com- 
pared with  its  lateral  dimensions,  and  at  the  same  time  strong; 
thus  insulator  stalks,  stays  for  chimney  stacks,  long  light  arms 
for  insertion  in  brickwork,  <fec,  are  preferably  made  of  wrought 
iron ;    cast  iron  being  weak  is  inapplicable,  but  malleable  cast 
iron  is  now  used  for  many  purposes  to  which  wrought  iron  was 
applied  formerly,  particularly  for  small  thin  masses.     When  the 
wire  is  suspended  by  the  insulator  stalk  the  latter  is  generally 
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of  wrought  iron,  sometimes  of  steel;  cast  iron  has  been  used  for 
stalks  supporting  insulators,  but  the  material  has  been  found 
unsuitable,  and  wrought  iron  is  the  material  now  almost  invari- 
ably employed.  Short  wall  brackets  to  carry  two  insulators  are 
usually  of  malleable  cast  iron,  but  long  brackets  should  be  of 
wrought  iron;  many  post  fittings,  as  pole  roofs,  lightning  dis- 
chargers, &c,  are  of  malleable  cast  iron;  but  long  thin  fittings, 
as  shackle  straps,  should  be  of  wrought  iron.  Tools,  excepting 
the  smallest  cutting  tools,  are  of  wrought  iron  edged  with  steel; 
small  cutting  tools  commonly  have  shanks,  bolsters,  and  tangs 
of  iron.  In  all  .tools  care  should  be  taken  to  have  a  sufficient 
mass  of  steel  in  the  edge  to  admit  of  the  tool  being  repaired  and 
sharpened ;  in  India  good  rough  tools  may  be  obtained  in  the 
villages,  but  they  contain  so  little  steel  they  are  soon  worn  out 
(unless  made  to  order  under  supervision).  Care  should  be  taken 
to  keep  all  iron  tools  well  steeled. 

335.  The  commonest  modes  of  preserving  ironwork  from  corro- 
sion are  galvanising  and  tinning  (Paragraph  311);  the  coating 
should  be  smooth  and  even,  and  it  should  not  spring  off  when 
the  metal  is  bent;  to  ensure  adhesion  the  iron  should  be  raised 
by  immersion  in  the  metal  to  the  temperature  of  the  bath.  When 
the  zinc  has  been  removed  from  a  galvanised  wire  in  cleaning  it 
before  making  a  joint,  the  whole  surface  denuded  of  zinc  should 
be  carefully  tinned  before  binding  the  joint.  Drying  oil  is 
sometimes  used  as  a  surface  protector  for  line  wire,  because  less 
costly  than  galvanising;  it  should  be  applied  hot,  or  the  iron 
should  be  heated.  Oil  paint  is  commonly  used,  and  several  kinds 
of  paint,  termed  "  anti-corrosive"  by  the  manufacturers,  are  sold 
for  application  to  ironwork.  For  paint  to  adhere  well  the  sur- 
face of  the  iron  should  be  rough,  but  before  painting  all  loose 
scale  should  be  scraped  off.  Whenever  practicable  ironwork 
should  be  of  such  design  that  the  whole  surface  may  be  examined 
and  approached  for  cleaning  and  painting ;  men  engaged  paint- 
ing inside  work  with  ordinary  lead  paint  should  come  out  at 
short  intervals,  as  the  vapour  from  the  paint  in  a  confined  space 
may  cause  fainting  and  sore  eyes.  Other  preservatives  used  for 
ironwork  are  tar,  various  mixtures  of  tar  and  oil,  and  black  var- 
nishes. For  small  work  Paris  enamelling,  ordinary  varnishes, 
and  lackers  used  thin,  the  iron  being  warmed,  and  for  fine  cut- 
ting instruments  mercurial  ointment  are  used ;  cutting  tools 
packed  for  export  may  be  painted.  When  in  store  iron  is  more 
liable  to  rust  than  when  it  is  in  use,  vibration  being  a  powerful 
preservative;  therefore  ironwork  to  be  kept  long  in  store,  parti- 
cularly tools,  should  have  a  temporary  protective  coating. 

336.  Cast  iron  is  for  many  purposes  inferior  to  wood,  or 
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altogether  inapplicable  to  purposes  to  which,  wood  is  applied, 
being  heavy,  brittle,  and  not  admitting  of  use  in  thin  plates,  as 
is  the  case  with  malleable  iron ;  malleable  iron  may  be  used  to 
supersede  wood  in  almost  all  cases,  and  in  most  cases  with  great 
advantage,  its  greater  cost  being  in  general  the  cause  which 
militates  against  its  adoption.     The  principal  advantages  pos- 
sessed by  iron  over  wood  as  a  material  of  construction  are  the 
following: — Iron  may  be  made  into  any  form  which  gives  the 
maximum  strength  for  a  given  mass  of  material;  therefore,  as  a 
rule,  structures  in  iron  are  lighter  than  similar  structures  in 
wood,  this  is  particularly  the  case  when  the  structures  are  of 
large  size.      Structures  i»  iron  are  more  readily  transported, 
because  they  may  be  made  in  hollow  pieces  to  pack  together, 
they  may  be  made  in  smaller  pieces  than  timber  structures,  and 
they  are  commonly  lighter.     Structures  in  iron  may  be  erected, 
taken  down,  and  re-erected  without  injury.     Ironwork  is  not  so 
liable  to  hidden  defects  as  wood,  and  it  is  more  durable;  it  is 
safer    because    its    mechanical   qualities  are  not   liable  to   be 
changed  by  excessive  dryness,  heat,  and  moisture,  and  it  bends 
under  a  shock  which  might  split  wood.     The  joints  in  ironwork 
and  the  mechanical  properties  of  the  material  are  such  that  a 
structure  in  iron  acts  more  like  one  piece  than  a  collection  of 
pieces;  timber,  on  the  contrary,  cannot  be  joined  so  perfectly;  a 
wooden  structure  overloaded  as  a  whole  separates  into  its  com- 
ponent pieces,  whereas  a  similar  structure  of  iron  is  stronger, 
because  if  well  constructed  it  can  only  suffer  collapse  as  a  whole. 
Iron  is  more  expensive  than  wood  in  small  structures,  but  in 
large  pieces  it  is  commonly  less  so — e.  g.,  in  most  situations  a  20 
feet  pole  of  iron  is  very  costly  compared  with  a  similar  pole  of 
wood,  but  a  100  feet  mast  may  in  most  cases  be  built  of  iron  at 
a  less  cost  than  it  could  be  built  for  of  wood.     The  cost  of  iron 
poles  of  ordinary  sizes  varies  between  three  and  five  times  the 
cost  of  similar  sized  wooden  poles.     The  first  cost  and  absolute 
durability  of  ordinary  sized  wooden  poles  are  such  as  to  make 
them  in  general  cheaper  than  iron  ones,  hence  they  are  so  fre- 
quently preferred;  it  is  a  fallacy  to  assume  iron  is  more  economi- 
cal than  wood  because  its  durability  bears  a  greater  ratio  to  the 
durability  of  timber  than  its  first  cost  bears  to  that  of  timber; 
one  author  .has  asserted  that  timber  poles  last  in  some  climates 
only  two  or  three  years,  and  under  the  most  favourable  circum- 
stances rarely  longer  than  six;  reference  to  Paragraph  209  will 
demonstrate  that  this  author  has  very  much  under-estimated  the 
durability  of  timber.     In  India  they  certainly  last  much  longer 
on  an  average,  they  also  last  much  longer  in  England,  and  the 
author  personally  consiilted  two  oificers  of  the  French  Govern- 
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ment  Telegraph  Service  on  the  subject,  and  they  agreed  in 
considering  twelve  years  as  the  average  life  of  a  wooden  post  in 
France;  M.  Blavier's  estimate  is  higher.  In  calculating  the 
relative  economy  of  iron  and  wood,  it  must  be  assumed  the 
difference  of  cost  in  favour  of  wood  is  placed  at  compound 
interest  at  the  current  rate,  and  it  will  be  seen  that  wood  might 
possibly  be  the  more  economical,  even  if  the  iron  pole  lasted  for- 
ever without  deteriorating  in  value. 

Division  III. — Steel  and  Steely  Iron. 

337.  Steel  contains  carbon  in  proportion  intermediate  between 
the  proportion  contained  in  cast  iron  and  in  wrought  iron  respec- 
tively. The  processes  of  its  production  may  be  divided  into  two 
classes — in  one  the  object  is  to  extract  the  excess  of  carbon  from 
cast  iron,  in  the  other  to  cause  carbon  and  wrought  iron  to  com- 
bine. Processes  of  the  former  class  are  employed  for  producing 
large  quantities  of  steel  for  engineering  works,  and  when  the 
finest  quality  is  not  admissible  by  reason  of  its  costliness.  The 
product  is  inferior  as  a  rule  to  that  produced  by  processes  of  the 
second  class,  from  the  greater  difficulty  in  ensuring  purity  in 
cast  iron  than  in  wrought  iron ;  but  it  is  less  costly  by  reason 
of  the  comparative  cheapness  of  the  material  employed,  the 
greater  simplicity  of  the  processes,  and  the  fact  that  it  is  pro- 
duced in  large  masses  suitable  for  working  into  plates  and  bars 
without  previous  working,  to  ensure  homogeneity  and  weld  small 
pieces  together.  Processes  of  the  second  class  are  employed  to 
produce  steel  of  fine  quality,  as  for  cutting  instruments;  and  the 
best  qualities  of  wrought  iron  are  employed.  Steel  is  produced 
by  puddling  (Paragraph  304),  the  process  being  stopped  when 
the  quantity  of  carbon  in  the  cast  iron  has  been  sufficiently 
reduced  to  convert"  the  cast  iron  into  steel.  It  is  produced  by 
the  Bessemer  process  (Paragraph  304)  by  stopping  the  process 
of  conversion  when  the  proportion  of  carbon  has  been  sufficiently 
reduced,  or  by  carrying  it  on  until  the  whole  of  the  carbon  has 
been  oxidised,  and  then  adding  carbon,  with  silicon  and  man- 
ganese, to  the  melted  malleable  iron.  The  treatment  of  the 
bloom  or  ingot  produced,  is  the  same  as  that  described  for 
wrought  iron  (Paragraphs  304  to  306) ;  and  the  steel  produced 
is  rolled  or  forged  into  bars,  plates,  or  other  forms,  in  the  same 
manner  as  wrought  iron.  Blister  steel  is  made  from  wrought 
iron  by  a  process  termed  cementation,  which  consists  in  heating 
iron  bars  in  a  closed  chamber  for  several  days  in  contact  with 
charcoal.  The  bars  are  not  completely  converted  into  steel,  they 
have  a  skin  of  steel  while  in  the  interior  they  are  wrought  iron, 
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or  only  partially  converted.     The  surface  of  the  bars  has  a  blis- 
tered appearance,  hence  the  term  blister  steel.     When  a  similar 
process  is  applied  to  articles  of  wrought  iron,  to  give  them  a 
skin  of  steel  in  order  that  they  may  be  highly  polished  or  more 
durable,  it  is  termed  case  hardening.      Blister  steel  not  being 
homogeneous,  to  render  it  so  it  is  either  worked  or  melted  and 
cast  into  ingots.     In  the  former  case  the  bars  are  rolled  together 
at  a  welding  heat  and  the  mass  repeatedly  worked,  the  product 
is  termed  shear  steel;  in  the  second  case  the  blister  steel  is  melted 
with  a  little  additional  carbon  and  manganese,  and  the  product 
is  termed  cast  steel.     Cast  steel  is  also  made  by  melting  wrought 
iron  in  a  closed  vessel  with  the  proper  proportion  of  carbon  and 
some  manganese.     There  are  other  processes  for  making  steel, 
hut  they  are  either  not  so  generally  employed  or  the  details  of 
them  have  not  been  published.   Homogeneous  metal  is  intermediate 
in  composition  between  malleable  iron  and  steel ;  it  is  made  by 
melting  iron  with  a  smaller  proportion  of  carbon  than  is  requisite 
to  form  steel,  as  described  for  making  cast  steel.     Malleable  cast 
iron  is  described  in  Paragraph  296.    For  blister  and  cast  steel  the 
purest  iron  is  used;  Swedish  and  Eussian  charcoal  irons  are  ex- 
tensively employed  for  the  purpose.   The  composition  of  the  steel 
can  be  regulated  in  manufacture  according  to  the  purpose  for 
which  required ;  for  engineering  works  as  a  rule  a  mild  form  of 
steel  is  necessary,  whereas  for  some  kinds  of  tools  a  very  highly 
converted  steel  is  requisite.     Good  shear  steel  makes  good  tools 
— it  is  used  for  heavy  rough  tools  and  inferior  quality  cutting 
tools;  but  cast  steel  is  better  in  appearance,  and  is  used  for  the 
best  qualities.     Blister  steel  is  used  for  files,  rasps,  and  other 
tools;  but  generally  cast  steel  is  employed.     Blister  steel  will 
bear  a  greater  heat  without  injury  when  forged  than  cast  steel; 
the  latter  is  more  dim  cult  to  weld  than  either  blister  steel  or 
shear  steel.     Steel,  like  iron,  requires  to  be  worked  to  develop 
its  strength ;  it  is  cast  under  pressure,  and  treated  in  a  similar 
manner  to  cast  iron,  to  prevent  porosity  and  increase  its  density. 
Very  inferior  articles  are  sometimes  cast  of  steel ;  the  material  is 
termed  technically  run  steel.     It  is  commonly  termed  cast  steel, 
and  the  articles  are  made  to  imitate  forgings  of  cast  steel  proper; 
not  having  been  worked  but  cast,  they  are  very  deficient  in 
strength. 

338.  Steel  is  distinguished  by  the  capacity  for  being  hardened 
and  tempered.  If  raised  to  a  high  temperature  and  suddenly 
cooled  by  immersion  in  water,  oil,  or  by  other  means,  it  is 
hardened;  wrought  iron  is  also  somewhat  hardened  by  such 
treatment,  but  steel  may  be  made  extremely  hard,  so  hard  as  to 
scratch  glass.    The  hardness  of  steel  may  be  reduced  by  tempering 
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to  any  required  degree  of  softness,  almost  to  its  original  state 
previous  to  hardening.  Tempering  is  performed  by  gradually 
heating  the  hardened  steel  and  observing  the  changes  of  colour 
on  a  part  of  its  surface  rubbed  bright  for  the  purpose;  the  temper 
is  designated  by  this  colour.  The  first  yellow  visible  indicates 
increase  of  toughness  without  sensible  softening,  a  deeper  yellow 
approaching  to  orange  indicates  the  temper  suited  for  tools  for 
-working  metals,  a  deeper  orange  suited  for  wood-cutting  tools, 
and  blue  for  springs,  white  follows  blue  and  indicates  softening 
to  almost  the  original  state.  Steel  is  stated  to  be  tougher,  if 
instead  of  being  made  very  hard,  and  the  hardness  reduced,  it 
be  heated  to  a  dull  red  only,  and  thus  hardened  to  a  lower 
degree  so  that  tempering  is  dispensed  with.  Steel  expands  in 
hardening;  the  most  highly  converted  steel  hardens  at  the  lowest 
temperature,  and  expands  most.  As  steel  is  injured  by  heating 
unless  great  care  be  exercised,  it  should  be  hardened  at  the 
lowest  practicable  temperature;  and  as  small  objects  may  be  more 
suddenly  cooled,  they  do  not  require  so  high  a  temperature  as 
larger  ones  of  the  same  steel.  Mr.  Kirkaldy  states,  steel  is 
reduced  in  strength  by  hardening  in  water,  but  its  strength  is 
vastly  increased  and  it  is  rendered  tougher  by  hardening  in  oil; 
the  increase  of  strength  is  greater  in  the  latter  case  the  higher 
the  temperature  at  which  the  steel  is  hardened,  provided  it  be 
not  burned,  and  in  highly  converted  or  hard  steel  than  in  soft 
or  less  converted  steel.  Steel  plates  hardened  in  oil  and  riveted 
together  were  found  fully  equal  in  strength  to  an  unjointed  soft 
plate;  the  loss  of  strength  by  riveting  was  more  than  counter- 
balanced by  the  increase  of  strength  due  to  hardening  in  oil. 
The  hardening  of  steel  is  supposed  to  be  due  to  an  action  similar 
to  that  which  takes  place  in  grey  cast  iron  when  suddenly  cooled, 
the  hardened  steel  being  regarded  as  analogous  to  granular  white 
cast  iron  (Paragraph  296).  The  density  of  steel  varies  from  that 
of  the  best  wrought  iron,  about  7-75  to  about  7 -9;  the  more  highly 
converted  steel  is  not  necessarily  the  denser ;  cast  steel  is  much 
denser  than  puddled  steel,  which  may  be  less  dense  than  some  of 
the  best  qualities  of  wrought  iron.  A  cubic  foot  of  steel  may  vary 
in  weight  between  about  484  and  493  lbs.  The  expansion  of 
steel  by  heat  is,  on  an  average,  somewhat  less  than  that  of  wrought 
iron,  and  varies  as  the  steel  is  hardened  or  tempered.  The  linear 
dilatation,  between  32°  and  212°F.,  was  in  Smeaton's  experiments, 
1-8 16th  for  tempered,  and  l-870th  for  untempered  steel;  in  the 
experiments  of  Lavoisier  and  Laplace  the  dilatations  were  l-807th 
and  l-927th  respectively ;  Troughton's  experiments  gave  l-840th, 
the  condition  of  the  steel  is  not  stated.  The  soft  steel  used 
for  construction  differs  very  little  in  this  respect  from  wrought 
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iron,  and  the  same  co-efficient  of  expansion  may  be  used  for  it 
without  risk  of  sensible  error  (Paragraph  310).  The  presence  of 
a  small  quantity  of  manganese  renders  steel  tougher  and  easier 
to  work,  but  is  not  essential  to  good  steel.  The  addition  of  -05 
per  cent,  of  silicon  to  melted  steel  prevents  bubbling.  The  effects 
of  impurities  are  the  same  as  stated  for  wrought  iron.  The 
presence  of  carbon  is  essential  to  steel,  irbn  containing  more 
than  "25  per  cent,  of  carbon  is  steely ;  when  the  proportion  is 
between  this  and  -5  per  cent.,  the  material  is  termed  steely  iron, 
semi-steel,  Jwmogeneous  metal,  &c,  according  to  the  mode  of 
production ;  the  mechanicalproperties  of  these  compounds  being 
intermediate  between  those  of  wrought  iron  and  steel  When 
the  proportion  of  carbon  is  between  -5  per  cent,  and  1'5  per  cent., 
the  compound  is  termed  steel,  but  by  some  authors  compounds 
containing  less  than  2  per  cent,  of  carbon  are  classed  as  steel. 
Toughened  cast  iron  being  madeby  the  addition  ef  l-7th  by  weight 
of  scrap  iron  to  molten  east  iron,  it  contains  1 -75  per  cent,  of  carbon, 
and  as  steel  containing  1-75  per  cent,  of  carbon  cannot  be  welded, 
it  appears  reasonable  to  apply  the  term  steel  to  compounds  con- 
taining less  than  1 -75  per  cent. ;  between  this  and  1*9  to  2  per 
cent,  the  term  toughened  cast-iron  is  applied,  and  when  the  pro- 
portion of  carbon  reaches  1  -9  or  2  per  cent. ,  the  compound  is  termed 
cast  iron.  The  larger  the  proportion  of  carbon  in  steel,  the  greater 
the  difficulty  and  uncertainty  of  welding  it,  its  liability  to  burn 
or  be  injured  by  heating,  and  the  lower  the  temperature  at  which 
it  runs.  The  material  employed  for  engineering  works  is  soft 
steel  or  steely  iron  containing  a  little  carbon;  for  heavy  tools, 
shear  steel  containing  a  medium  proportion  of  carbon,  and  for 
fine  cutting  tools,  cast  steel  containing  1  to  1*5  per  pent,  are  used. 
Mr.  Kirkaldy  found  steel  fractured  by  a  tensile  load  applied 
gradually  presented  a  silky  fibrous  appearance  ;  when  fractured 
suddenly  he  found  the  fractured  surfaces  invariably  appeared 
granular,  as  described  for  wrought  iron  (Paragraph  317)  ;  in  the 
former  case  the  surfaces  of  fracture  diverged  more  or  less  from  an 
angle  of  90°  with  the  axis  of  the  bar,  in  the  latter  the  section  of  frac- 
ture was  always  at  right  angles  to  the  axis.  The  granular  fracture 
of  steel  differs  from  that  of  wrought  iron  in  being  almost  free  from 
lustre,  instead  of  presenting  a  brilliant  crystalline  appearance ; 
the  difference  is  well  shewn  when  an  iron  bar  with  a  steel  skin 
is  fractured.  Hardening,  by  rendering  the  steel  brittle,  favours 
sudden  failure,  and  consequently  production  of  the  granular 
fracture.  As  with  iron,  it  is  necessary  in  considering  the 
strength  of  steel  to  consider  its  toughness  as  well  as  its  tenacity; 
very  hard  steel  is  very  tenacious,  but  being  brittle  it  is  unsuited 
to  resist  shocks.     Very  hard  steel  is  suited  for  some  pui-poses, 
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whereas  the  extremely  soft  is  suitable  for  others ;  the  hard 
brittle  material  used  for  metal-working  tools  is  of  a  nature 
unsuited  to  engineering  works,  the  material  of  which  should 
be  fitted  to  resist  shocks  and  to  give  notice  of  impending 
fracture  by  exhibiting  strain  or  taking  a  set.  The  tenacity  of 
steel  varies  with  its  degree  of  hardness,  mode  of  production,  and 
manner  and  degree  of  working ;  the  most  extreme  limits  are 
22-3  and  68-26  tons  per  square  inch;  the  former  is  given  by 
M.  Prud'homme  for  cast  steel,  the  latter  by  Mr.  Wilmot  for 
Bessemer  bar.  The  extremes  stated  by  Sir  W.  Fairbairn  are 
27  and  about  60  tons,  those  given  by  M.  Prud'homme  are  63-5 
and  22-3,  but  these  authors  agree  in  stating  the  average  as  48 
tons  per  square  inch.  In  practice  bars  vary  between  about  44 
and  58  tons  per  square  inch,  plates  average  33  to  35.  The  steel 
used  for  construction  is  not  a  highly  converted  steel ;  it  gene- 
rally contains  less  than  *5  per  cent,  of  carbon;  it  has  not  a 
high  tenacity,  and  is  not  used  hard.  For  mild  steel  plates  the 
tenacity  should  not  in  practice  be  considered  higher  than  33  to 
35  tons  per  square  inch,  but  for  more  highly  converted  steel  in 
bars  48  tons  is  a  fair  average.  The  tenacity  of  puddled  bars 
varies  between  about  28  and  42  tons  ;  that  of  plates  between  37 
and  45 '8  tons;  that  of  blister  bar  is  stated  at  46-5  tons,  and 
shear  bar  at  52  tons  per  square  inch  (Kirkaldy).  Cast  steel 
bars  vary  in  tenacity  from  22-3  to  46  tons  per  square  inch  ;  the 
hardening  was  found  to  raise  the  tenacity  from  38  to  46  tons 
(Kirkaldy).  Homogeneous  metal  rolled  bars  vary  in  tenacity 
from  about  40-5  to  about  41 '5  tons;  forged  bars  have  a  tenacity 
of  about  40'5  tons,  and  plates  32  to  43  tons.  Bessemer  steel 
ingot  has  a  tenacity  of  about  28  tons,  the  hammered  or  rolled 
bar  reaches  68  tons,  rolled  and  forged  its  tenacity  is  about  50 
tons  per  square  inch,  and  the  minimum  tenacity  of  plates  of 
mild  steel  is  about  33  tons.  The  tenacity  of  steel  wire  may  vary 
from  that  of  the  soft  bar  to  that  of  steel  piano-forte  wire  (100  to 
120  tons  per  square  inch);  the  tenacity  of  homogeneous  metal 
wire  may  be  considered  somewhat  more  than  twice  that  of  soft 
iron  wire.  A  tenacity  of  53  to  54  tons  per  square  inch  of 
sectional  area  may  be  specified  for  small-sized  homogeneous  wire 
as  used  for  cables — e.g.,  the  homogeneous  wire  in  the  French 
Atlantic  cable,  diameter  "1",  has  a  tenacity  of  950  lbs.,  a  load 
equivalent  in  intensity  to  54  tons  per  square  inch ;  the  tenacity 
of  the  homogeneous  wire  for  the  Great  Western  cable,  diameter 
•095,  was  specified  850  lbs.,  equivalent  to  53-5  tons  per  square 
inch.  Steel  rolled  from  the  ingot  is  better  than  that  made  from 
bars  piled  together,  and  the  Bessemer  process  produces  a  uniform 
material  suited  to  engineering  purposes  but  slightly  more  costly 


STRENGTH  AND  ELASTICITY   OP   STEEL.  245 

than  iron,  removing  one  of  the  principal  objections  to  the  employ- 
ment of  steel,  absence  of  uniformity  in  quality;  as  steel  does 
not  weld  so  easily  as  iron,  its  strength  depends  more  on  the 
mode  of  its  manufacture.  There  is  a  slight  difference  between 
the  longitudinal  and  transverse  tenacities  in  plates  and  bars  ;  in 
homogeneous  metal  and  cast  steel  this  difference  is  very  slight 
and  not  of  practical  importance,  in  puddled  steel  the  difference 
is  greater.  It  depends  on  the  manner  in  which  the  bars  are 
piled,  and  in  plates  may  reach  17  per  cent.  The  ultimate  exten- 
sion of  steel  is  very  variable,  in  mild  soft  qualities  it  may  be  20 
per  cent,  or  even  higher;  in  mild  Bessemer  steel  suitable  for 
engineering  purposes  it  is  about  8 -5  per  cent.,  in  cast  steel  plates 
it  may  not  exceed  3  per  cent.,  and  in  puddled  plates  it  may  be 
as  low  as  1*3  per  cent,  and  as  high  as  12-5  per  cent.  The 
highest  quality  homogeneous  metal  in  plates  may  stretch  14  per 
cent,  before  rupture,  but  the  proportion  is  usually  much  less. 
As  wire  the  ultimate  elongation  is  about  equal  to  that  of 
ordinary  iron  wire;  18  per  cent,  may  be  specified  if  short 
lengths  are  tested.  Homogeneous  wire  bears  the  torsion  test 
for  ductility  better  than  ordinary  iron  wire,  and  it  bears  this 
test  better  than  the  elongation  test  (Cully).  The  resistance  of 
steel  to  crushing  varying  with  its  quality  and  degree  of  hard- 
ness, no  useful  constant  can  be  given — 88  and  175  tons  per 
square  inch  are  stated  as  extremes ;  Sir  "W.  Fairbairn's  experi- 
ments, the  specimens  being  of  small  size,  gave  100  tons.  The 
transverse  strength  of  steel  in  pounds  "weight  on  a  bar  of  one 
inch  square  section  and  one  foot  span  was  found  by  Sir  W. 
Fairbairn  to  vary  between  3333  and  6333  lbs.;  Mr.  Kirkaldy 
gives  6403  lbs.  as  the  constant  for  hammered  steel.  The 
modulus  of  elasticity  in  Sir  W.  Fairbairn's  experiments  varied 
between  22,000,000  and  34,000,000,  and  was  on  an  average 
31,000,000.     The  following  are  from  Professor  Eankine's  Civil 


Tenacity. 

Modulus  of  Elasticity. 

Soft  steel, 

90,000 

29,000,000 

Hard  „ 

132,000 

42,000,000 

The  modulus  of  annealed  steel  wire,  specific  gravity  7-622,  was 
found  to  be  24,575,000  at  ordinary  temperatures,  at  212°  F.  this 
was  raised  to  30,285,000 ;  the  modulus  of  annealed  cast  steel, 
specific  gravity  7-719,  was  at  ordinary  temperatures  27,822,000, 
at  212°  F.  it  was  26,044,000.  The  proof  strength  of  steel  is  about 
one-third  its  ultimate  strength,  this  is  the  proportion  assumed  in 
practice ;  it  is  sometimes  stated  as  nearly  one-half,  but  one-third 
is  generally  used,  and  should  be  adhered  to  in  the  present  state 
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of  knowledge  of  the  subject.  From  the  modulus  of  elasticity 
and  proof  strength  may  be  calculated  the  modulus  of  resilience 
(Paragraph  57).  The  resistance  to  shearing  is  equal  to  about  80 
per  cent,  of  the  tenacity  (Kirkaldy). 

339.  The  principles  and  practice  of  joining  steel  are  the  same 
as  described  for  iron;  Mr.  Kirkaldy  states  the  diameters  of  rivets 
should  be  proportionately  greater  than  for  iron.  The  means 
employed  for  the  preservation  of  steel,  and  the  advantages  of 
employing  it  as  compared  -with  wood,  are  the  same  as  described 
for  wrought  iron;  steel  is,  however,  more  expensive  but  stronger 
than  iron.  As  wire,  the  intensity  of  load  on  steel  may  be  twice 
that  admissible  on  wrought  iron,  and  in  engineering  works  gene- 
rally mild  steel  may  be  loaded  50  per  cent,  in  excess  of  wrought 
iron.  Authorities  agree  in  stating  8  to  10  tons  per  square  inch 
as  the  maximum  intensity  of  stress  admissible  in  structures 
of  steel  plates ;  ordinarily  8  tons  is  the  highest  admissible, 
but  as  steel  varies  widely  in  strength  10  tons  may  be  permitted 
when  the  plates  are  known  to  be  above  average  quality.  More 
care  is  necessary  in  punching  steel  than  iron;  steel  plates  may  be 
reduced  in  strength  30  per  cent,  by  punching  as  compared  with 
drilling,  but  annealing  restores  the  original  strength.  In  sub- 
stituting steel  for  iron  economically  it  should  be  considered  that 
if  too  thin,  steel  may  rapidly  be  rendered  unsafe  by  corrosion,  or 
it  may  be  liable  to  failure  by  buckling;  in  wrought  iron  extra 
thickness  may  be  allowed  to  resist  these  sources  of  insecurity,  in 
steel  excess  is  less  admissible  by  reason  of  the  greater  cost  of  the 
material.  Steel  has  not  hitherto  superseded  iron,  by  reason  of  a 
want  of  uniformity  in  the  mechanical  properties  of  steel  plates 
and  bars ;  but  greater  certainty  has  been  attained  in  the  manu- 
facture of  steel,  particularly  by  the  introduction  of  the  Bessemer 
process,  and  being  produced  cheaply  and  of  uniform  quality  it  is 
siiperseding  iron,  particularly  for  structures  where  lightness  has 
to  be  combined  with  strength.  Steel  is  slightly  more, liable  to 
corrosion  than  wrought  iron,  the  relative  oxidations  in  moist  air 
are  stated  to  be — 

Cast  iron,  ...  42 

"Wrought  iron,   ...  "54 

Steel,     .  .  .  .  -56 

340.  For  the  blades  of  heavy  tools  when  thin,  as  in  spades, 
phaoras,  <fec,  shear  steel  is  the  best  material;  it  is  easier  to  weld 
than  cast  steel,  and  is  very  durable  j  it  may  be  used  for  axe- 
heads,  and  is  generally  applicable  to  thin  wood-cutting  tools. 
Pickaxes,  crowbars,  jumpers,  and  other  tools  acting  by  their 
weight  and  required  to  have  durable  points  or  edges,  are  made 


APPLICATIONS   OF   STEEL.  247 

of  iron  steeled  at  the  end — the  steel  should  be  renewed  from  time 
to  time  as  it  is  worn  away.  Files  were  formerly  made  of  blister 
steel,  but  as  a  vast  number  are  worn  out  old  files  are  re-melted, 
and  files  are  therefore  as  a  rule  made  of  cast  steel.  The  finer 
kinds  of  cutting  tools,  as  chisels,  plane-irons,  drills,  &c,  are 
made  of  cast  steel  and  iron  welded  together;  the  edge  or  blade 
being  of  steel,  and  the  haft,  bolster,  or  greater  part  of  the  blade 
of  iron.  For  tools  required  to  be  used  hard  a  highly  converted 
steel  is  necessarily  employed,  but  as  mild  a  steel  as  practicable 
should  be  used,  as  easier  to,  forge  and  weld;  the  more  highly  con- 
verted the  steel  the  more  liable  it  is  to  burn,  and  the  greater  the 
difficulty  and  uncertainty^1  welding  it.  Shear  steel  suffers  less 
by  heating  than  cast  steel,  and  it  is  much  more  readily  welded 
both  to  steel  and  iron.  Iron  and  steel  are  welded  together  in 
the  following  manner: — The  iron  is  placed  in  the  hottest  part  of 
the  fire,  the  steel  is  only  heated  just  sufficiently,  prolonged 
exposure  to  the  fire  being  avoided;  when  both  are  heated  to 
the  required  degree  they  are  slightly  dipped  in  borax  or  sand, 
as  a  flux,  and  hammered  together.  When  cast,  steel  is  to  be 
welded  the  steel  is  not  so  highly  heated  in  the  fire,  it  is  brought 
up  to  the  welding  heat  by  contact  with  the  hotter  iron  and 
hammering;  experience  and  considerable  skill  are  necessary  to 
ensure  soundness  in  the  joint  without  burning  the  steel.  As  a 
rule  tools  should  be  used  as  soft  as  practicable,  and  as  a  general 
rule  axes,  mortise  chisels,  and  many  other  tools  liable  to  be  un- 
skilfully used  should  be  softened  before  use,  being  frequently  too 
hard  as  obtained  in  the  market;  if  the  edge  of  a  tool  be  turned  it 
may  be  more  readily  repaired  than  if  chipped.  For  the  angles 
of  cutting  edges,  sharpening,  and  other  particulars  of  tools,  see 
Chapter  IV.  section  2. 

341.  Steel  is  used  in  preference  to  iron  for  hooks  for  cranes, 
and  for  insulator  hooks  for  suspending  line  wires;  it  is  commonly 
used  for  spindles  when  lightness  and  durability  are  required  to 
be  combined;  it  is  used  for  spindles  in  the  best  pulley  blocks, 
and  might  with  advantage  be  used  for  the  bolts  and  plates 
forming  the  shells,  and  for  the  hooks  of  light  blocks  used  for 
straining  line  wires,  lightness  being  of  great  importance.  It  is 
the  best  material  for  the  spindles  of  crane  and  crab  barrels. 
Sometimes  spindles  are  case-hardened  to  give  them  a  hard 
surface  to  resist  abrasion,  but  case-hardened  iron  is  inferior  in 
tenacity  to  ordinary  wrought  iron.  Steel  is  not  applied  to  oval 
linked  chains,  being  difficult  to  weld,  but  it  is  applicable  to  fiat' 
linked  or  long  linked  chains  generally,  and  may  be  used  with 
advantage  for  the  connecting  pins  in  iron  ties.  The  advantages 
of  steel  as  compared  with  iron  are : — The  greater  degree  of  hard- 
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ness  which  can  be  given  to  its  surface,  fitting  it  to  resist  wear  as 
spindles,  pins,  and  similar  bodies ;  and  its  lightness  fitting  it  for 
■use  where  portability  or  reduction  of  internal  load  are  of  impor- 
tance; the  cost  of  steel  is,  however,  much  greater  than  that  of 
iron,  and  this  is  the  principal  obstacle  to  its  more  general 
employment. 

342.  Steel  is  not  in  use  for  the  construction  of  telegraphs, 
excepting  as  line  wire  for  long  spans ;  telegraph  posts  might  be 
made  of  steel  plate  when  required  of  large  size  or  exceptionally 
strong,  but  in  ordinary  posts  it  cannot  be  employed  economically, 
for  plate  iron  is  already  used  as  thin  as  admissible,  and  if  steel 
were  substituted  it  could  not  be  used  thinner  than  the  iron. 
Mild  steel,  as  homogeneous  metal  and  homogeneous  Bessemer 
metal,  are  used  for  line  wire  in  towns,  and  for  exceptionally  long 
spans;  for  towns  it  is  convenient,  as  thin  light  wire  is  required, 
and  steel  wire  "may  be  used  much  thinner  than  iron  wire;  for 
long  spans  steel  wire  may  be  employed  with  advantage,  its 
modulus  of  tenacity  being  so  much  greater  than  that  of  iron 
wire.  In  all  cases  a  soft  steel  should  be  used  to  avoid  brittle- 
ness,  therefore  homogeneous  metal  is  xised  whenever  admissible 
in  preference  to  steel  proper — the  use  of  the  latter  is  exceptional. 
For  town  lines,  when  the  object  of  employing  steel  wire  is  to 
diminish  the  weight  of  the  wire,  mild  steel  may  be  employed 
more  economically  than  when  the  object  of  its  employment  is 
simply  to  increase  the  spans  without  reducing  the  conductivity, 
because  in  the  former  case  the  weight  of  steel  used  is  less  than 
that  of  iron.  Whenever  practicable  when  steel  wire  is  used,  it 
should  be  used  of  smaller  size  than  iron  wire  applied  to  the  same 
purpose,  the  object  being  to  reduce  the  difference  in  cost — e.  g., 
for  iron  line  wires  No.  8  may  be  regarded  as  the  average  size,  in 
steel  No.  10  is  more  commonly  iised. 

Section  II.— Copper,  Zinc,  Lead;  Tin,  and  Alloys. 

343.  Copper  is  corroded  by  unctuous  bodies,  dilute  acids,  and 
prolonged  exposure  to  moist  air;  it  oxidises  if  heated  to  redness 
in  contact  with  air,  the  scales  of  oxide  fall  off  and  expose  fresh 
surfaces  of  metal  to  oxidation,  so  that  the  metal  wastes  sensibly 
if  the  operation  be  repeated.  When  exposed  a  film  of  carbonate 
forms  on  its  surface,  and  unless  this  be  removed  by  a  mechanical 
operation  or  the  action  of  an  acid,  it  serves  as  a  protection  to 
the  metal  beneath  and  prevents  further  corrosion.  Nitric  acid 
dissolves  copper  rapidly,  but  muriatic  acid,  strong  or  dilute,  dis- 
solves it  only  with  access  of  air.  Strong  alkaline  solutions  do 
not  act  upon  it  as  they  do  not  contain  air,  but  weak  solutions, 
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particularly  of  ammonia,  with  access  of  air  rapidly  dissolve  it. 
It  is  not  corroded  by  dry  air.  The  texture  of  very  soft  copper  is 
crystalline,  that  of  hard  copper  fibrous,  lightish-red  and  silky. 
The  density  of  copper  varies  between  8-6  and  9,  when  melted  it 
is  supposed,  to  absorb  oxygen  and  thus  become  porous.  Its 
specific  gravity  when  cast  under  common  salt  is  8-921,  if  melted 
in  contact  with  the  air  without  such  precaution  its  specific 
gravity  is  8-6  to  8*78;  it  may  be  increased  to  9  by  hammering. 
The  specific  gravity  of  cast  copper  in  practice  is  commonly  8-6, 
a  cubic  foot  weighs  therefore  537  lbs.  The  specific  gravity  of 
sheet  copper  averages  8-8,  its  heaviness  549  lbs.  per  cubic  foot; 
when  hammered  the  averages  are  8'9  and  556  lbs.  respectively. 
The  specific  gravity  of  copper  wire  is  about  8-899,  and  its 
heaviness  555-5  lbs.  per  cubic  foot.  The  melting  point  of  copper 
is  commonly  considered  near  2000°  F. :  a  low  estimate,  that  of 
Daniel,  is  1995°;  a  high  one,  that  of  Guyton  Morveau,  is  2204°  F. 
Its  strength  is  reduced  by  one-third  at  600°  F.,  and  by  one-half 
at  a  dull  red  heat.  It  expands  -j-^  of  its  linear  dimensions  by 
elevation  of  temperature  from  32'  to  212°  F.  If  heated  carefully 
to  a  low  red  heat,  copper  bars  may  be  worked  by  the  smith  in 
the  same  manner  as  iron.  When  rolled  drawn  or  hammered,  it 
is  rendered  brittle,  and  requires  to  have  its  ductility  or  malle- 
ability restored  by  annealing.  The  effect  of  heating  and  sudden 
cooling  on  copper  is  the  reverse  of  that  on  iron  and  steel,  copper 
being  softened  by  this  treatment.  The  tenacity  of  cast  copper 
may  be  as  low  as  7-5  tons  per  square  inch,  and  as  high  as  11  "5, 
it  is  on  an  average  about  8-5.  The  tenacity  of  sheet  copper 
averages  about  13-4  tons  per  square  inch,  that  of  wrought  bolts 
and  bars  14-75  to  16  tons  according  to  quality,  the  higher 
tenacity  being  that  of  the  purest  and  most  carefully  worked. 
The  tenacity  of  the  best  wire  is  stated  as  high  as  27  tons,  but  it 
varies  widely  in  practice  according  to  the  degree  of  hardness, 
and  in  hard  wire  according  to  size;  if  very  soft  the  tenacity  does 
not  exceed  that  of  bolts,  in  practice  it  is  commonly  stated  at  17 
tons  per  square  inch;  this  estimate  is  that  applicable  to  copper 
wire  as  usually  employed.  The  tenacity  of  the  purest  copper 
wire  as  used  for  cable  core  varies  from  little  over  15  to  17-5  tons. 
The  following  rule  is  applicable  to  this  wire : — the  strength  of  a 
wire  or  strand  is  1 J  lb.  per  pound  weight  per  knot — i.  e.,  a 
strand  weighing  200  lbs.  per  knot  would  carry  300  lbs.  The 
modulus  of  elasticity  of  copper  wire,  tenacity  27  tons  per  square 
inch,  is  17,000,000  (Rankine);  the  modulus  of  soft  copper  at 
ordinary  temperatures  is  14,960,000,  at  212°  F.  13,971,000,  and 
for  unannealed  copper  17,000,000.  Copper  as  used  for  cable 
core  stretches  10  to  15  per  cent,  before  breaking;  it  stretches  1 
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per  cent,  with  two-thirds,  and  should  not  stretch  sensibly  with 
five-eighths  of  its  ultimate  load.  The  addition  of  2  to  4  per  cent, 
of  phosphorus  to  copper  increases  its  tenacity  and  hardness,  but 
also  its  liability  to  corrosion.  Copper  stranded  wire  in  cables  is 
usually  designated  by  the  weight  per  knot.  Copper  sheet  may 
be  riveted  as  iron  and  soldered.  Copper  bits  are  commonly 
used  as  soldering  tools,  the  advantages  of  using  iron  not  having 
been  recognised,  but  copper  should  only  be  used  for  small  work. 
Copper  in  cables  and  thin  wire  in  delicate  apparatus,  when 
practicable  should  be  soldered  with  silver,  as  the  metal  is  readily 
attacked  or  gnawed  by  the  solder.  Cast  copper  is  liable  to  be 
porous,  and  hence  phosphorus  or  2  per  cent,  of  zinc  is  advan- 
tageously introduced  to  increase  its  hardness  and  density.' 
Copper  is  very  useful  for  fastening  timber  under  water;  and  in 
sheet,  copper  and  several  of  its  alloys  are  useful  for  covering  the 
heels  of  masts  and  woodwork  generally  to  protect  its  surface 
against  insects  and  mechanical  violence.  For  electrical  purposes 
the  purest  copper  procurable  is  used ;  it  is  usually  tested  for 
electrical  conductivity,  and  a  conductivity  90  per  cent,  of  that 
of  pure  copper  may  be  insisted  on ;  for  mechanical  purposes 
copper  alloys  are  generally  employed,  particularly  those  with 
zinc  (brass).  The  wire  used  for  electrical  connections  is  used 
soft,  and  is  usually  joined  with  a  twisted  joint  soldered  or  not 
according  to  requirements.  Single  wire  covered  with  gutta- 
percha or  India-rubber  is  not  joined  by  the  twisted  joint  in  fine 
work,  but  by  a  scarf  or  lap  joint  bound  with  fine  wire.  Stranded 
wire  is  used  for  cable  conductors  because  less  liable  to  be  broken 
by  bending  and  more  flexible.  Stranded  wires  are  joined  by  a 
scarf  or  splice  joint  (Paragraph  447).  The  following  rules  are 
useful : — The  weight  per  knot  of  copper  wire  of  diameter  d  in 

thousandths  of  an  inch  is  for  a  single  wire  -r^,  and  for  a  stranded 

d?  ■     ■ 

conductor  about  =^rj ;  the  weight  of  a  wire  per  statute  mile  is 

d2 

-^  lbs.     Copper  wire  is  not  used  alone  for  overhead  wires;  in 

America  a  compound  wire  is  used  consisting  of  a  core  drawn 
from  cast  steel,  this  is  tinned  covered  with  a  ribbon  of  copper 
put  on  helically,  the  compound  wire  is  then  passed  through  a 
bath  of  molten  tin  to  cause  adhesion  between  the  copper  ribbon 
and  the  core.  The  inventor  claims  for  this  compound  wire  as 
compared  with  iron  wire  in  general  use,  greater  durability,  par- 
ticularly near  the  sea,  and  greater  tensile  strength  with  a  given 
electrical  resistance  and  weight.  A  sample  containing  120  lbs. 
of  steel  and  80  lbs.  of  copper  per  statute  mile,  had  an  ultimate 
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tenacity  of  1051  lbs.  and  an  electrical  resistance  of  9-38  ohms. 
This  wire  is  not  in  use  in.  Europe,  but  some  thousands  of  miles 
of  it  are  in  use  in  America;  it  is  more  than  twice  as  costly  as  iron 
wire,  but  it  may  be  economical  where  transport  is  very  expensive, 
and  the  number  of  poles  per  mile  can  be  reduced  by  its  use. 

344.  The  specific  gravity  of  zinc  or  spelter  varies  between 
6-8  and  7-2,  and  its  heaviness  between  424  and  449  lbs.  per 
cubic  foot.  "When  cold  it  is  brittle;  it  has  its  greatest  malle- 
ability and  ductility  at  212°  to  220°  F.,  and  the  discovery  of  this 
fact  has  led  to  its  extensive  employment  as  sheet.  It  is  heated 
by  immersion  in  boiling  solution  of  salt  and  rolled  hot.  It 
melts  at  about  700°  F.,  and  readily  burns,  if  heated  in  contact 
with  the  air.  Its  tenacity  varies  between  3  and  3-6  tons  per 
square  inch.  Zinc  is  more  readily  attacked  by  acids  when 
impure ;  zinc  of  commerce  is  always  impure.  Pure  zinc  requires 
eight  days  for  its  solution  in  dilute  acid  which  would  dissolve 
the  same  quantity  of  commercial  zinc  in  an  hour.  Zinc  oxidises 
superficially  on  exposure  to  the  atmosphere,  but  the  oxide  pro- 
tects the  metal  beneath  it  unless  acids  be  present  to  remove  it. 

345.  Tin  melts  at  426°  F. ;  it  resists  oxidation  better  than  any 
other  metal  used  in  engineering.  It  is  used  for  covering  iron 
and  copper  to  protect  them,  and  to  form  alloys.  Most  of  its 
alloys  are  harder  than  the  constituent  metals. 

346.  Lead  is  used  for  covering  roofs,  for  fixing  iron  into 
masonry,  and  for  alloying  with  other  metals.  It  melts  at  about 
630°  F.  Its  specific  gravity  is  11  -4,  its  heaviness  712  lbs.  per 
cubic  foot.  When  rolled  its  tenacity  is  1*4  to  1*5  ton  per 
square  inch. 

347.  The  alloys  in  general  use  are  bronze  or  gun-metal, 
alloys  of  copper  and  tin ;  brass,  alloys  of  copper  and  zinc ;  and 
soldering  alloys,  composed  of  mixtures  of  tin,  lead,  zinc,  copper, 
gold,  and  silver,  according  to  the  purposes  for  which  required. 
To  these  alloys  may  be  added  aluminium  bronze,  an  alloy  of 
copper  and  aluminium.  The  maximum  degree  of  homogeneity 
is  attained  in  an  alloy  when  the  constituent  metals  are  mixed  in 
proportions  ruled  by  their  chemical  equivalents,  but  such  pro- 
portions are  frequently  departed  from.  The  principal  alloys  of 
copper  in  common  use  are  the  following : — 

Brass  for  sheet, 
Mosaic  gold,  and  good  yellow 
brass  for  turning  and  filing, 
Another  good  brass, 

Gun-metal  for  bearings,  &c, .     90-3  9-67  0-03 

Muntz's  metal,  . 


2opper. 

Zinc. 

84-7 

15-3 

66 

33 

80 

20 

90-3 

9-67 

60 

40 
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Brass  for  rolling  and  drawing  is  best  composed  as  above,  but 
for  turning  2  per  cent,  of  lead  renders  it  easier  to  work.  The 
bronze  in  use  for  cannon  consists  of  90  to  90*5  per  cent,  of 
copper,  the  remainder  being  tin;  a  similar  alloy  is  used  some- 
times for  other  purposes.  More  exact  proportions  than  those 
given  above  are  the  following  : — Bronze  (or  gun-metal),  1  equiva- 
lent of  tin  to  16  of  copper;  brass,  1  equivalent  of  tin  to  2  or  4 
of  copper ;  aluminium  bronze  contains  only  5  to  10  per  cent,  of 
aluminium.  The  tenacity  of  bronze  used  for  cannon  averages 
between  14  and  15  tons  per  square  inch  (Anderson).  The 
tenacity  of  Muntz's  metal  is  about  22  tons ;  the  tenacity  of  brass 
varies  with  its  composition  and  the  extent  to  which  worked. 
Brass  wire  has  a  tenacity  of  22  tons,  its  modulus  of  elasticity  is 
14,230,000 ;  the  tenacity  of  cast  brass  is  but  little  more  than 
one-third  that  of  wire.  The  addition  of  phosphorus  to  brass  in 
fusion  causes  it  to  become  very  fluid,  and  renders  it  easier  to 
obtain  sharp  and  sound  castings.  The  specific  gravity  of  cast 
brass  varies  between  7'8  and  8'4,  and  its  heaviness  between  487 
and  524-4  lbs.  per  cubic  foot;  the  specific  gravity  of  worked 
brass  exceeds  8  -5.  The  modulus  of  elasticity  of  annealed  brass, 
specific  gravity  8-247,  is  12,807,900.  For  the  composition  and 
properties  of  alloys  used  for  soldering,  and  the  principles  and 
practice  of  their  application,  see  Chapter  IV.,  section  3. 


CHAPTER  III. 

INSULATING    MATERIALS    PROPER. 

Section  I. — Gutta-percha. 

348.  Gutta-percha  is  the  concrete  juice  of  the  Isonandra  gutta 
or  Is.  percha,  a  large  tree  of  the  Sapodilla  order,  called  also  the 
Taban  tree.  It  rises  to  a  height  of  60  or  70  feet,  the  trunk 
being  3  or  4  feet  in  diameter ;  it  grows  in  alluvial  soils  at  the 
foot  of  hills  in  certain  parts  of  the  Malayan  Archipelago,  Southern 
Asia,  and  Dutch  Guiana.  The  chief  supply  was  obtained  from 
Singapore;  the  words  gutta  percha  are  Malayan,  the  former 
signifies  gum  or  concrete  juice  of  a  plant,  the  latter  the  special 
tree.  The  juice  was  obtained  by  felling  the  tree  and  cutting 
rings  through  the  bark  a  foot  or  eighteen  inches  apart,  the  milky 
juice  was  received  in  suitable  vessels  and  inspissated  by  boiling ; 
the  wasteful  practice  of  felling  the  trees  threatened  seriously  the 
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source  of  supply,  when  the  matter  was  taken  up  by  an  English 
company,  who  introduced  the  practice  of  obtaining  this  juice  as 
caoutchouc  is  procured,  and  this  practice  is  now  followed  (Section 
2).  It  arrives  in  Europe  in  blocks  of  several  pounds  weight,  and 
contains  sawdust,  earth,  and  other  impurities  sometimes  intro- 
duced as  adulterants. 

349.  The  best  gutta-percha  is  yellowish  and  fibrous,  other  kinds 
are  reddish  or  white,  and  frequently  sticky ;  there  exist  varieties 
between  caoutchouc  and  gutta-percha,  and  these  two  substances 
are  sometimes  mixed  ;  the  manufacturer  mixes  the  several  kinds 
of  gutta-percha  together.  The  blocks  of  impure  material  are 
cut  into  thin  slices  by  knives  attached  to  a  wheel  revolving 
300  times  a  minute,  these  slices  are  softened  in  hot  water,  and 
further  reduced  by  being  torn  by  jagged  teeth ;  the  mass  is  then 
purified  as  much  as  possible  by  washing  in  hot  and  cold  water. 
It  is  then  masticated — that  is,  kneaded  into  a  paste  in  a  machine 
having  grooved  rollers,  kept  hot  by  steam  or  hot  water;  the 
pasty  mass  is  then  strained  through  fine  wire  gauze,  again 
masticated,  dried,  and  ultimately  rolled  into  thick  sheets  or 
other  suitable  form,  or  applied  directly  to  the  purpose  for  which 
it  is  required. 

350.  Gutta-percha  is  composed  of  carbon  and  hydrogen,  the 
results  obtained  by  different  analysts  vary  considerably;  it  is 
composed  proximately  of  three  isometric  constituents,  whose 
composition  is  C8HU,  these  are : — pare  gutta,  a  substance  insol- 
uble in  alcohol  cold  or  boiling,  alban,  a  crystalline  substance 
insoluble  in  cold  but  soluble  in  boiling  alcohol,  and  Jluavil,  a 
yellow  resinous  substance  insoluble  in  cold  alcohol ;  the  propor- 
tions of  these  constituents  are — 

Pure  gutta, 75  to  82  per  cent. 

Alban, 14  to  19        „ 

Fluavil,    ' 4  to    6        „ 

In  general  products  of  oxidation  are  present.  Gutta-percha 
varies  much  in  quality  and  composition,  and  the  gutta-percha 
of  industry  is  not  the  pure  material  of  the  laboratory,  hence 
the  differences  between  the  results  of  different  analyses.  Dr. 
Maclagan's  analysis  gave  86-36  carbon  and  12-15  hydrogen; 
Blavier  states  the  composition  to  be  88-96  carbon  and  10-04 
hydrogen;  both  of  these  differ  considerably  from  that  given  above. 
When  exposed  to  the  air,  particularly  at  temperatures  between 
77°  and  86°  F.,  it  oxidises  and  becomes  brittle,  losing  its  flexi- 
bility, tenacity,  and  extensibility,  and  it  shrinks  and  cracks  so 
that  wires  covered  with  it  become  exposed  at  intervals;  its  colour 
when  oxidised   is   very   dark  brown   or  almost  black,   and  it 
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resembles  pine  resin  in  mechanical  properties.  Exposure  to  the 
sun's  light  greatly  facilitates  oxidation,  and  the  change  is  most 
rapid  in  thin  masses.  Gutta-percha  protected  by  leaden  tubing 
has  been  found  perfectly  preserved  after  some  years  in  India, 
not  being  even  darkened  in  colour,  unprotected  "wire  ■would  have 
become  unserviceable  after  a  few  months  exposure;  in  France 
lead  coated  gutta-percha  covered  wire  is  used,  the  gutta-percha 
is  not  found  visibly  deteriorated  in  upwards  of  twenty  years.  In  the 
climate  of  England  gutta-percha  in  thick  masses  maybe  kept  safely 
for  long  periods,  provided  it  be  preserved  from  light,  be  kept  mode- 
rately cool,  and  the  surrounding  air  be  not  frequently  changed; 
thickly  covered  underground  wires  are  found  serviceable  after 
fifteen  or  more  years  of  use,  although  somewhat  oxidised  superfi- 
cially; such  wires  are  usually  covered  with  a  serving  of  tape  soaked 
in  Stockholm  tar,  which  greatly  hinders  oxidation.  Even  in  tem- 
perate climates  thin  masses  are  better  preserved  under  water  until 
required  for  use,  but  if  thinly  coated  wires  be  kept  from  the 
sun's  light,  as  when  forming  office  connections  in  cupboards  and 
under  floors,  the  coating  lasts  many  years.  In  tropical  countries 
gutta-percha  deteriorates  rapidly,  a  few  months'  exposure  indoors 
is  sufficient  to  render  it  unserviceable;  it  cannot,  therefore,  be 
used  except  for  temporary  purposes.  Gutta-percha  covered 
wires  laid  in  cement  were  tried  in  France,  and  ten  years  after 
they  were  laid  down  the  gutta-percha  remained  perfectly  good. 
Gutta-percha  deteriorates  rapidly  in  soil  impregnated  with  illumi- 
nating gas,  kept  under  water  it  does  not  oxidise.  It  is  stated 
gutta-percha  does  not  oxidise  if  kept  from  the  light  (Wurtz's 
Diet,  de  Chem.),  but  upon  one  occasion  in  the  East  Indies  several 
large  drums  of  covered  wire  were  found  upon  examination  to  be 
completely  oxidised  although  they  had  not  been  unpacked ;  light 
could  not  have  penetrated,  but  the  cases  were  sufficiently  damaged 
by  rough  usage  to  admit  air;  warm  air  is  evidently  sufficient  to 
cause  oxidation  without  access  of  light.  Gutta-percha  is  insol- 
uble in  water,  sparingly  soluble  in  anhydrous  alcohol  and  anhy- 
drous ether  (Paragraph  350),  dissolves  in  small  proportions  in 
boiling  olive  oil,  but  is  deposited  on  cooling,  is  freely  dissolved 
by  the  following  solvents  aided  by  heat :  Sulphide  of  carbon, 
mineral  naphtha,  coal  tar  naphtha,  benzine,  chloroform,  and  oil  of 
turpentine.  Gutta-percha  is  carbonised  by  strong  sulphuric 
acid,  and  converted  into  a  yellow  resin  by  nitric  acid;  it  is  not 
.  altered  by  ferments ;  in  the  neighbourhood  of  oak  trees  it  has  been 
found  entirely  changed  by  a  fungus  (Journal  S.T.E.,  Vol.  II.) 
Gutta-percha  covered  wire  is  usually  served  with  tape  soaked  in 
Stockholm  tar  sometimes  sanded;  wood  tar  is  not  injurious,  coal 
tar  is  unless  purified,  and  gas  tar  is  always  prejudicial.     Stock- 
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holm  tar  is  a  preservative,  but  impairs  the  insulating  prdperty. 
By  dry  distillation  gutta-percha  yields  very  inflammable  oils. 
The  solutions  in  chloroform  and  sulphide  of  carbon  may  be  almost 
deprived  of  colour  by  filtration,  and  by  cautious  evaporation  a 
colourless  and  remarkably  porous  mass  is  obtained  which  may 
be  melted,  and  has  all  the  properties  of  ordinary  gutta-percha. 

351.  At  about  115°  F.  gutta-percha  softens  and  becomes  pasty 
although  still  retaining  much  of  its  tenacity;  between  100°  and 
144°  F.,  it  may  be  readily  spread  into  sheets  or  drawn  into 
threads  or  tubes;  at  120°  it  is  plastic,  and  if  core  be  exposed  to 
130°  or  even  less  the.  wire  becomes  eccentric;  near  212°  F.  it 
melts,  suffering  a  pasty  fusion;  it  becomes  fluid  at  about  266°  F., 
warmed  further  it  boils  and  inflammable  oils  are  distilled  off. 
When  altered  by  oxidation  it  melts  at  a  lower  temperature,  and 
if  completely  oxidised  it  becomes  fluid  at  212°  F.  Heat  increases 
its  electrical  conductivity,  at  about  72°  F.  it  offers  but  half  its 
resistance  at  32°  F.  Its  suppleness  and  ductility  diminish  as  its 
temperature  is  lowered,  but  not  to  the  same  extent  as  in  caout- 
chouc; it  retains  its  flexibility  at  14°  F. 

352.  The  density  of  purified  gutta-percha  is  said  to  vary  be- 
tween '9693  and  -981,  and  its  heaviness  therefore  between  60-56 
and  61-32  lbs.  per  cubic  foot;  but  when  the  air  is  expelled  from 
its  pores  by  immersion  in  water  it  sinks. 

353.  At  ordinary  temperatures  drawn  gutta-percha  has  an 
ultimate  tenacity  of  about  3500  lbs.  per  square  inch.  Willoughby 
Smith's  improved  gutta-percha,  being  gutta-percha  prepared  in  a, 
particular  manner  and  of  the  same  specific  gravity  as  ordinary 
gutta-percha,  is  stated  (probably  on  the  authority  of  the  manu- 
facturer) to  have  a  mechanical  strength  (tenacity  is  apparently 
referred  to)  12  per  cent,  greater  than  that  of  ordinary  gutta- 
percha. One  writer  has  attributed  to  gutta-percha  a  tenacity 
about  equal  to  that  of  strong  leather,  but  this  is  upwards  of 
4000  lbs.  per  square  inch,  and  is  too  high.  Only  a  small  portion 
of  the  ultimate  strength  of  the  material  can  be  rendered  available, 
as  it  stretches  50  to  60  per  cent,  before  breaking.  Stretching  or 
drawing  increases  its  tenacity,  but  only  in  the  direction  drawn, 
the  transverse  tenacity  remains  comparatively  weak;  if  it  be 
stretched  to  twice  its  original  length  it  is  stated  (Wurtz's  Diet, 
de  Chem.  Art.  G.P.)  that  it  will  support  longitudinally  the 
action  of  a  force  twice  that  which  was  required  to  stretch  it. 
Permanent  set  commences  at  ordinary  temperatures,  in  un- 
stretched  gutta-percha,  at  about  672  lbs.  the  square  inch  (Clark 
&  Sabine) ;  stretched  or  drawn  as  used  in  cables,  it  will  resist  a 
strain  of  about  1000  lbs.  the  square  inch;  Blavier  found  it 
resisted   994   lbs.,  it   elongated   4  per  cent.,  but  regained  its 
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orginal  length  when  the  load  was  removed.  Professor  Fleeming 
Jenkin  states  the  available  strength  of  gutta-percha  in  cable 
cores  at  about  one-third  the  ultimate  strength,  or  about  1160  lbs. 
per  square  inch. 

354.  The  manufacture  of  gutta-percha  and  its  application  to 
the  purposes  of  telegraphy,  cannot  be  carried  on  wholly  by 
machinery  with  that  automatic  accuracy  often  attained  by 
machinery  in  working  in  metals  and  wood.  Notwithstanding 
the  improvements  in  manufacture  and  working  which  have  been 
effected,  the  work  of  the  machine  requires  constant  supervision 
and  frequent  repair.  Gutta-percha  is  applied  to  wires  in  separate 
layers  in  order  that  a  faiilt  in  one  layer  may  be  covered  by  the  next; 
as  many  as  twenty  layers  have  been  used,  but  for  ordinary  wires 
five  layers  are  employed,  for  the  small  sizes  fewer.  The  principle 
of  the  covering  machine  is  shewn  in  fig.  64 :  the  warm  gutta- 
percha is  placed  in  a 
strong  cylinder  A,  the 
wire  1  2  passes  through 
the  cylinder  as  shewn, 
being  drawn  through  at 
an  equable  rate ;  the 
pressure  on  the  piston 
B  causes  the  gutta- 
percha to  emerge  at  1, 
covering  the  wire  to  the 
thickness  required  for 
one  layer;  the  operation 
is  repeated  as  many  times  as  coatings  required,  the  gauge  of  the 
drawplate,  <fcc,  being  suitably  modified.  The  gutta-percha  in 
the  cylinder  is  kept  warm,  and  after  emerging  on  the  wire  it  is 
cooled  before  being  coiled.  Gutta-percha  covered  wires  covered 
with  simple  gutta-percha  put  on  in  the  manner  described  above, 
were  found  liable  to  injury  by  reason  of  the  absence  of  adhesion 
between  the  wire  and  coating;  if  the  core  were  stretched  it 
elongated,  but  in  contracting  when  the  load  was  removed  the 
coating  contracted  more  than  the  wire;  the  wire  was  thus  bent, 
and  the  coating  being  loose  the  wire  was  forced  nearly  or  quite 
through  the  gutta-percha,  thus  injuring  the  insulation.  The 
liability  to  this  class  of  accident  is  now  removed  by  coating  the 
wire  with  an  adhesive  mixture  (Chatterton's  compound)  consist- 
ing of  one  part  Stockholm  tar,  one  part  resin,  and  three  parts 
gutta-percha,  and  this  is  used  between  the  layers  of  gutta- 
percha; the  wire  and  its  covering  and  the  several  layers  are 
thus  strongly  bound  together,  and  act  as  a  single  solid.  The 
specific  gravity  of  Chatterton's  compound  is  about  the  same  as 


±AXh 


Fi°r.  64. 


JOINING  GUTTA-PERCHA  CORE.  257 

that  of  gutta-percha,  but  its  electrical  resistance  is  less;  hence 
it  should  be  thinly  spread.  Gutta-percha  is  also  used  in  thin 
sheets,  these  are  rolled  from  the  warm  material,  or  very  thin 
leaves  are  obtained  by  evaporating  solutions.  Gutta-percha  may 
be  readily  joined  when  warmed,  but  if  melted  it  remains  sticky 
and  the  joint  is  spoiled.  Great  care  is  essential  to  success  in 
joining  gutta-percha  covered  wire,  many  joints  which  appear 
perfect  when  made  rapidly  deteriorate;  the  joints  in  under- 
ground lines  and  cables  are  justly  regarded  as  the  weak  points 
in  the  system.  The  source  of  heat  should  be  clean,  a  spirit  lamp 
is  that  generally  used  for  warming  gutta-percha  and  gutta-percha 
irons;  sometimes  a«spirit  lamp  in  an  iron  chimney  (a  lamp 
furnace),  and  sometimes  a  charcoal  fire  is  used — the  last  is  used 
for  heating  irons  only.  As  great  care  must  be  taken  to  avoid 
over-heating,  a  fusible  solder  is  commonly  used  for  joining  the 
copper  wire.  The  tools  required  are  scissors — preferably  curved 
— and  smoothing  irons,  and  a  pair  of  clips  fitted  to  a  stand  for 
holding  the  core  are  sometimes  used;  the  materials  necessary 
are  sheet  gutta-percha,  a  stick  of  Chatterton's  compound,  and 
naphtha.  The  principal  precautions  to  be  observed  to  ensure 
perfect  and  permanent  adhesion  and  a  safe  joint  are  the  follow- 
ing:— 

Perfect  Cleanliness  in  dealing  with  the  gutta-percha,  the 
wire  to  be  covered  must  be  clean;  this  is  usually  ensured  by 
washing  it  with  naphtha  after  soldering,  water  is  sometimes  used, 
and  sometimes  in  inferior  work  this  precaution  is  neglected. 
The  dirty  part  of  the  work  is  best  done  by  an  assistant.  The 
hands  and  tools  used  to  touch  the  joint  should  be  very  clean; 
greasy  matter  in  the  smallest  quantity  prevents  adhesion,  even 
the  grease  in  the  perspiration  from  the  hand  of  the  operator  is 
sometimes  sufficient.  Before  kneading  the  gutta-percha  with 
the  fingers  the  hands  should  be  washed,  naphtha  is  preferable 
to  water  for  this  purpose,  as  it  diminishes  the  secretion  of  per- 
spiration and  hardens  the  skin  somewhat.  As  the  fingers  and 
scissors  are  always  wetted  to  prevent  them  sticking  to  the 
softened  gutta-percha,  the  last  should  be  carefully  dried  before 
applying  the  Chatterton's  compound  or  a  fresh  surface  of  gutta- 
percha. 

Care  should  be  taken  to  express  from  the  joint  as  it  is  made 
any  air  enclosed,  and  thus  make  the  joint  solid. 

The  joint  should  be  made  at  the  lowest  temperature  con- 
sistent with  perfect  adhesion  between  the  several  layers  of  which 
it  is  composed,  a  sufficient  length  of  conductor  should  be  bared 
to  prevent  the  risk  of  over-heating  the  gutta-percha  when  solder- 
ing, and  for  the  same  reason  the  soldering  bolt  used  should  not 
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be  larger  than  necessary  for  the  -work.  The  best  length  of  joint 
is  on  an  average  5  to  6  inches,  it  is  sometimes  only  4,  but  this 
must  depend  on  the  size  of  the  conductor;  the  length  should  be 
as  short  as  consistent  with  security  against  over-heating  -when 
soldering.  If  any  part  of  the  work  be  accidentally  burned  it 
should  be  cut  out  and  the  joint  re-commenced.  Care  should  be 
taken  that  the  conductor  is  not  allowed  to  become  eccentric 
during  the  application  of  heat. 

Gutta-percha  varies  in  quality,  and  the  properties  of  the  older 
material  may  be  altered  by  oxidation.  Dissimilar  qualities  do 
not  always  readily  adhere ;  hence,  the  quality  of  the  material 
should  be  either  the  same  throughout,  or  the  sheet*  material 
should  be  selected  with  reference  to  its  property  of  combining 
with  the  material  of  the  core ;  the  use  of  Chatterton's  compound 
probably  renders  difference  of  quality  less  important,  but  it  cannot 
be  neglected  without  risk  of  failure. 

The  principal  mechanical  conditions  to  be  observed  are : — care 
should  be  taken  in  joining  the  conductor  to  finish  the  joint 
without  projecting  ends,  in  twisted  joints  this  is  particularly 
dangerous ;  the  ends  should  be  turned  down  carefully,  and  some 
authorities  recommend  the  spare  ends  be  broken  off  with  the 
pliers  rather  than  cut  off,  to  avoid  points  (see  Paragraph  447). 
A  sufficient  length  of  sheeting  should  be  left  at  each  end  of  the 
joint  to  finish  off  well.  The  joint  in  the  conductor  should  be  in 
the  middle  of  that  in  the  covering,  and  they  should  be  concentric. 
Care  should  be  taken  in  baring  the  conductor  not  to  damage  it 
with  the  knife  or  other  instrument  used  to  cut  off  the  gutta- 
percha. In  kneading  warm  gutta-percha  with  the  fingers,  or 
cutting  warmed  sheet,  the  fingers  or  scissors  should  be  damped 
to  prevent  adhesion;  but  cold  gutta-percha  sheet  may  be  cut 
with  dry  scissors. 

Joints  are  made  in  different  ways,  and — according  to  the  degree 
of  perfection  necessary — more  or  less  care  and  labour  are  bestowed 
on  them,  from  the  simplest  scarf  joint  made  for  a  temporary  pur- 
pose, in  which  neither  Chatterton's  compound  sheet  gutta-percha 
nor  naphtha  is  employed,  to  the  joint  in  a  cable  core  in  the 
making  of  which  the  utmost  attainable  perfection  is  desired.  The 
simplest  form  of  joint  is  a  scarf,  fig.  65,  or  a  kind  of  butt  joint 

made  without  the  addition  of  other 

— — ZZ^—-ZZ  -£ZnUi  material  than  that  of  the  core  joined. 

ZIZ^IZI^ZZZZ^M     7T\  The  scarf  is  made  as  follows  :- — The 

p>ig<  05_  coating  and  conductor  of  each  end  to 

be  joined  are  cut  through  at  right 

angles  to  their  axis  level  with  each  other,  the  core  is  then  warmed 

gently,  and  the  gutta-percha  is  drawn  back  from  the  wire  with 
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the  damp  fingers  to  expose  a  sufficient  length  of  the  conductor  at 
each  end  for  the  joint  in  the  conductor;  this  joint  having  been 
made,  the  gutta-percha  drawn  back  on  one  side  is  gradually 
warmed,  kneaded,  and  spread  over  the  whole  length  of  the  joint; 
it  is  pressed  close  to  the  conductor,  made  to  taper,  and  the  super- 
fluous material  separated.  The  surface  of  the  joint  having  been 
dried,  the  other  knob  of  gutta-percha  is  worked  in  the  same 
manner  over  the  whole  length  of  the  joint,  and  the  superfluous 
material  is  removed.  A  simple  butt  joint  is  made  by  proceeding 
as  in  the  scarf  joint  as  far  as  the  joint  in  the  conductor,  then 
instead  of  kneading  the  gutta-percha  from  each  end  over  the 
whole  length  of  tfte  joint,  the  knobs  of  material  are  kneaded 
down  to  meet  in  the  centre  of  the  joint;  they  are  here  kneaded 
together  to  produce  as  intimate  a  union  as  possible,  and  the  super- 
fluous  material  is  removed.  These  joints  may  be  smoothed  by 
rubbing  with  the  wet  hand  to  improve  their  appearance,  they  are 
the  least  secure  kind  of  joint,  and  are  unsitited  to  important 
purposes.  The  scarf  joint  described  above  may  be  made  much 
more  secure  in  the  following  manner: — After  joining  the  con- 
ductor wash  the  conductor  and  ends  of  the  core  clean  with 
naphtha,  warm  the  conductor  and  a  stick  of  Chatterton's  com- 
pound, and  apply  a  little  of  the  latter  to  the  conductor,  spread- 
ing it  evenly  with  the  warm  tooling-iron,  work  down  one  end  of 
the  gutta-percha,  as  described  above,  but  before  covering  this 
layer  with  the  material  from  the  other  side,  apply  a  little  Chatter- 
ton's  compound  to  its  surface  by  rolling  a  heated  stick  of  com- 
pound along  the  joint  in  three  or  four  places  and  spreading  the 
adherent  material  evenly  by  tooling.  The  second  knob  of  gutta- 
percha is  now  to  be  spread  over  the  first,  as  already  described. 
This  joint  only  differs  from  the  simple  scarf  joint,  fig.  65,  in 
the  use  of  Chatterton's  compound  between  the  conductor  and 
covering,  and  between  the  two  layers  of  the  latter,  and  in  the 
use  of  naphtha  to  ensure  chemically  clean  surfaces.  The  butt 
joint  may  be  improved  as  follows : — Use  naphtha  to  wash  the  con- 
ductor and  gutta-percha,  and  put  a  thin  coating  of  compound  over 
the  conductor,  work  the  gutta-percha  down  first  from  one  side  then 
from  the  other  to  meet  in  the  middle  of  the  joint,  knead  well  to 
cause  intimate  union,  cut  off  the  superfluous  material,  apply 
Chatterton's  compound  over  the  whole  joint  spreading  it  by 
tooling,  wrap  the  joint  in  a  ribbon  of  sheet  gutta-percha  laid  on 
longitudinally,  both  joint  and  sheet  being  warmed,  tool  it  to 
cause  perfect  adhesion  working  from  the  centre  of  the  ribbon  to 
exclude  air,  and  closing  its  edges  last  with  the  warm  tooling- 
iron.  This  joint  is  one  of  the  most  perfect  used.  The  following, 
modified  scarf  joint,  in  which  sheet  gutta-percha  is  used,  is  more 
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common ;  it  is  the  highest  form  of  joint,  and  is  used  for  gutta- 
percha cable  core  of  all  kinds  : — The  gutta-percha  is  cut  off  the 
conductor  with  a  knife  for  1 J  inch  to  2  inches  at  each  of  the  ends 
to  be  joined,  and  the  conductor  is  joined  in  the  manner  decided 
on  (single  wire  is  usually  joined  by  the  twisted  joint)  and  sol- 
dered; the  conductor  and  the  gutta-percha,  for  2  or  3  inches  on 
each  side,  are  carefully  washed  with  naphtha.  Chatterton's  com- 
pound is  applied  to  the  conductor  as  described  above;  the  gutta- 
percha is  warmed  for  about  2  inches  on  one  side  of  the  joint,  and 
kneaded  down  to  cover  the  joint  and  meet  the  gutta-percha  on 
the  other  side,  but  a  small  piece  of  material  from  each  end  is 
usually  rejected  as  possibly  dirty  or  damaged  by  heat;  to  this 
covering  is  applied  a  coating  of  Chatterton's  compound  evenly 
and  thinly  spread  by  tooling,  and  over  this  the  gutta-percha  from 
the  other  end  is  worked  down,  thus  forming  a  scarfed  joint 
usually  5  to  6  inches  long.  The  material  kneaded  down  from 
each  side  does  not,  as  in  the  simple  scarfed  joint,  extend  the  entire 
length  of  the  joint,  but  it  should  in  each  case  extend  to  an  equal 
distance  on  each  side  of  the  conductor  joint ;  it  is  evident  also 
that  at  this  stage  the  diameter  of  the  joint  is  less  than  that  of 
the  core.  Apply  another  layer  of  Chatterton's  compound  over 
the  whole  length  of  the  joint,  and  place  round  the  joint  a  ribbon 
of  sheet  gutta-percha  arranged  longitudinally,  the  ribbon  and 
joint  being  both  warmed,  the  ribbon  is  usually  4  to  4£  inches 
long  and  wide  enough  to  allow  some  spare  to  be  cut  off  longi- 
tudinally with  the  scissors ;  the  ribbon  seam  should  not  be  closed 
at  the  edges  until  the  air  has  been  expressed  from  beneath  it  by 
working  it  from  its  centre,  the  seam  is  made  above  to  be  in  sight, 
the  sheet  should  be  stretched  before  application,  and  the  seam 
should  overlap  a  little  to  ensure  perfect  contact.  The  joint  is 
finished  by  applying  another  layer  of  Chatterton's  compound,  and 
rubbing  the  joint  smooth  with  the  wet  hand.  The  sheet  is  best 
applied  by  fixing  it  at  one  end  and  stretching  it  on  longitudi- 
nally, and  perfect  junction  between  the  sheet  and  core  at  the 
ends  of  the  joint  should  be  produced  by  applying  the  heated  iron. 
In  this  joint  there  are  three  layers  of  gutta-percha  alternating 
with  compound;  if  the  core  be  covered  with  four  layers  of  gutta- 
percha, and  it  be  desired  to  imitate  this  in  the  joint,  an  additional 
layer  of  sheet  material  may  be  applied — the  second  seam  in  this 
case  should  be  placed  on  the  opposite  side  of  the  joint  to  the  first 
seam,  and  generally  if  more  than  one  seam  be  introduced  the 
sheets  should  break  joint  round  the  core.  A  thin  layer  of 
Chatterton's  compound  and  rubbing  with  the  wet  hand  may  be 
applied  as  a  finish  to  any  joint  to  improve  its  appearance. 
Several  other  products  analogous  to  gutta-percha  have  been  im- 
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ported,  but  they  have  not  come  into  general  use,  although,  some 
of  them  possess  useful  properties  ;  the  reasons  heing  they  oxidise 
more  rapidly  than  gutta-percha,  and  in  some  cases  offer  greatly 
inferior  resistance  to  the  passage  of  electricity.  In  the  arts  gen- 
erally gutta-percha  is  seldom  employed  pure ;  it  is  mixed  with 
caoutchouc  to  give  it  flexibility,  with  10  to  30  per  cent,  of  gum 
lac  to  give  it  rigidity;  increased  resistance  to  the  oxidising  action 
of  light  and  air  is  given  by  an  admixture  of  5  to  10  per  cent,  of 
paraffin  or  suet,  or  by  treating  it  with  warm  solution  of  caustic 
soda,  about  12  ounces  to  the  quart  of  water,  the  alkaline  solution 
removes  the  alterable  parts.  If  sulphur  be  combined  with  gutta- 
percha, as  in  vulcanising  caoutchouc,  the  effect  is  somewhat  the 
same — the  gutta-percha  is  rendered  less  fusible  and  less  prone  to 
oxidation  on  exposure  to  air  and  light.  The  process  of  vulcan- 
isation is  almost  the  same  as  in  the  case  of  caoutchouc,  but  other 
matters  in  addition  to  the  sulphur  have  to  be  added,  as  other- 
wise an  essential  oil  appears  to  be  disengaged  which  impairs  the 
homogeneity  of  the  product.  Vulcanised  gutta-percha,  not  being 
durable,  has  not  come  into  use  for  general  purposes.  For  tele- 
graph purposes  simple  gutta-percha  and  the  mixture  termed 
Chatterton's  compound  are  the  only  forms  in  which  gutta-percha 
is  in  general  use  as  an  insulator;  mixtures  of  different  qualities 
are  used.  Several  of  the  preparations  mentioned  above  might  be 
employed  under  some  circumstances  with  advantage.  Oxidised 
gutta-percha,  probably  mixed  with  other  substances,  as  fresh 
gutta-percha,  caoutchouc,  &c,  is  used  for  small  picture  frames, 
mouldings,  &c,  old  covered  wire  may  therefore  generally  be 
sold  advantageously  when  no  longer  of  use  as  covered  wire  for 
telegraph  purposes.  Gutta-percha  is  the  material  most  generally 
employed  in  Europe  for  insulating  office  connections  and  under- 
ground cables,  the  use  of  India-rubber  being  far  less  general;  in 
India  India-rubber  is  used  for  these  purposes  and  for  river  cables. 
Gutta-percha  is  the  material  more  generally  used  for  insulating 
submarine  cables.  The  relative  merits  of  these  two  substances, 
as  far  as  known,  are  treated  of  in  Paragraph  363. 

Section  II. — Caoutchouc. 

355.  Caoutchouc,  India-rubber,  or  gum  elastic,  is  found  in  the 
milky  juice  of  a  great  many  tropical  and  some  European  plants, 
particularly  those  belonging  to  the  fig,  spurge,  and  dogbane 
orders.  The  Siphonia  cahuchu  or  caoutchouc,  a  tree  growing  over 
a  vast  tract  of  country  in  Central  America  and  in  Java,  yielded 
formerly  the  greater  part  of  the  good  caoutchouc;  the  material 
was  obtained  by  way  of  Para,  this  is  still  most  highly  esteemed 
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and  is  termed  Para  gum  or  caoutchouc.  The  Urceola  elastica 
abounds  in  the  islands  of  the  Indian  Archipelago,  it  produces  the 
gumtowan  of  the  Malays.  The  Ficus  elastica  is  the  source  of  a 
large  supply,  it  extends  over  more  than  10,000  square  miles  in 
Assam  and  other  parts  of  the  East  Indies.  The  other  trees 
which  furnish  caoutphouc  are  Heva  caoutchouc,  H.  guianensis, 
Jatropha  elastica,  Ficus  Indica,  and  F.  religiosa;  the  supply  is 
therefore  more  abundant  and  certain  than  that  of  gutta-percha. 
The  sap  of  the  tree  is  obtained  from  an  incision  through  the 
bark;  formerly  this  sap  was  spread  on  clay  moulds  to  dry,  and 
imported  in  the  forms  of  bottles,  balls,  and  crude  lumps;  a  large 
quantity  of  the  juice  was  also  imported  in  bottles,  but  it  is  now 
generally  imported  solid,  a  much  cheaper  method.  It  varies 
in  quality  according  to  the  species  of  tree;  the  juice  from  old 
trees  drawn  in  the  cold  season  is  the  best.  The  Ficus  elastica 
of  Assam,  a  large  tree,  may  be  tapped  once  a  fortnight  in  the  cold 
season,  and  will  yield  upwards  of  40  lbs.  of  juice  containing  four 
to  six  parts  water  and  six  to  four  caoutchouc.  The  juice  varies 
considerably  in  colour  and  composition  according  to  the  source 
from  which  derived;  specimens  imported  in  well-closed  vessels 
had  specific  gravity  1-0175  to  1-04125  ("Ore),  the  lighter  kind 
yielded  37  per  cent.,  the  heavier  and  thicker  20  per  cent,  of 
caoutchouc,  the  source  of  siipply  was  probably  Ficus  elastica; 
another  specimen,  probably  from  Siphonia  elastica,  was  found  to 
have  specific  gravity  1-012,  and  to  contain  45  per  cent  of  caout- 
chouc; but  analyses  differ  widely,  the  juice  being  derived  from 
different  sources  and  prone  to  alteration.  "When  the  juice  is 
heated  its  albumen  coagulates  and  rises  to  the  surface;  it  mixes 
with  a  small  proportion  of  water  and  coagulates  as  when  un- 
diluted, but  if  the  water  added  exceed  a  certain  proportion  it 
separates  the  caoutchouc,  and  the  separation  is  the  more  rapid 
if  the  water  contain  salt;  the  caoutchouc  rises  to  the  surface. 
Alcohol  produces  the  same  effect. 

356.  Caoutchouc  as  imported  is  sometimes  tinged  brown  by 
aloetic  matter,  and  occasionally  it  contains  tarry  matter  in  its 
pores,  the  produce  apparently  of  decomposition;  it  is  necessary 
that  aloetic  matter  be  removed  by  boiling  in  water,  as  if  permitted 
to  remain  it  destroys  the  texture  of  the  caoutchouc  by  its  decom- 
position. The  rough  masses  imported  are  masticated  in  water  to 
remove  impurities,  and  afterwards  dried  to  reduce  them  to  a 
homogeneous  mass ;  this  irregular  mass  is  then  shaped  into 
regular  masses,  from  which  sheets,  threads,  &c,  can  be  cut  econo- 
mically. The  knife  used  to  cut  caoutchouc  should  be  kept 
wetted.  Pure  caoutchouc  is  colourless  and  transparent,  but  that 
of  commerce  differs  in  colour,  the  best  being  a  light  yellow;  under 
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the  microscope  it  appears  formed  of  tubes  and  to  contain  cavities, 
it  may  therefore  be  used  as  a  dialyser.  Caoutchouc  is  impaired 
by  mastication,  -which  breaks  its  fibrous  structure,  diminishes  its 
elasticity,  and  increases  its  porosity.  Immersed  in  water  caout- 
chouc is  absorbent,  probably  by  reason  of  its  porous  structure; 
this  absorption  may  reach  25  per  cent,  of  the  -weight  of  the 
material  after  a  month's  immersion,  when  its  volume  may  be 
augmented  15  per  cent.,  and  its  colour  rendered  lighter.  Manu- 
factured caoutchouc  covering  wires  absorbs  water  superficially 
only,  and  at  ordinary  pressures  not  in  sufficient  quantity  to 
sensibly  impair  its  insulating  power.  As  the  water  on  the 
outside  evaporated,  the  caoutchouc  contracts  and  hinders  the 
evaporation  of  the  water  from  the  interior  of  the  mass,  this 
impairs  its  quality. 

357.  The  specific  gravity  of  caoutchouc  varies  between  "919 
and  -942,  it  is  not  increased  permanently  by  any  degree  of 
pressure. 

358.  By  long  boiling  in  water  it  swells  and  becomes  somewhat 
sticky,  more  readily  soluble  in  its  proper  menstrua,  but  when 
exposed  to  the  air  it  soon  resumes  its  original  volume  and  con- 
sistence. When  pure  it  is  insipid  and  has  little  or  no  odour.  It 
contains  no  oxygen.  The  following  analyses  give  its  composi- 
tion : — 

1.  2.  3.  4. 

Faraday.  TTre.  G.  Williams. 


Carbon,          .     87-2  90-6  86-1              87-2 

Hydrogen,     .     12-8  10-0  12-3              12-8 

Ash, ...  0-9 

Azote  and  loss,    ...  ...  0-7 


100  100-6  100  100 

Analysis  No.  2  gives  C3H2,  but  the  agreement  between  the  other 
three  is  so  close  that  they  are  generally  accepted..  Assuming  87 
and  13  as  the  percentages  and  6  and  1  as  the  equivalents,  the 
composition  is  represented  by  C29H26 ;  the  author  (M.  Ch.  Laut) 
of  the  article  C.  in  Wurtz's  Diet,  de  Chem.  represents  the  composi- 
tion by  C*Hrj  this  however,  would  represent  a  percentage 
composition  widely  differing  from  the  results  of  the  analyses, 
viz: — carbon  77-42  and  hydrogen  22-58  per  cent.  Other 
analysts  state  there  are  traces  of  sulphur  and  chlorine,  and  as 
proximate  constituents  fatty  and  colouring  matters,  and  three 
compounds  of  azote.  Caoutchouc  is  not  acted  upon  by  sulphur- 
ous, muriatic,  or  fluo-silicic  acids.     Strong  sulphuric  acid  decom- 


264  PROPERTIES   AND   APPLICATIONS    OF   MATERIALS. 

poses  it  slowly  in  the  cold,  but  readily  when  aided  by  heat. 
Nitric  acid  decomposes  it  completely,  so  also  does  a  mixture  of 
nitric  and  sulphuric  acids.  It  is  not  acted  upon  by  dilute  acids 
nor  dissolved  by  the  strongest  alkaline  solutions  even  when 
boiling.  Exposure  to  the  action  of  alkaline  solutions  generally 
hardens  it,  but  contact  with  solution  of  soda  (40°  Baum6)  for 
several  hours  renders  it  sticky.  Chlorine  attacks  it  with  time, 
rendering  it  hard  and  brittle,  and  it  is  readily  acted  upon  by 
nitrous  acid.  By  some  authors  it  is  stated  chlorine  does  not 
attack  caoutchouc,  but  possibly  with  prolonged  exposure  many 
re-agents  at  present  deemed  indifferent  would  affect  it  more  or 
less.  Exposure  to  air  and  light  causes  gradual  oxidation,  the 
caoutchouc  being  transformed  into  a  brilliant  resin  resembling 
gum  lac;  this  change  is  more  rapid  in  manufactured  than  crude 
material,  and  is  favoured  by  alternate  exposure  to  sun  and 
humidity.  When  oxidised,  caoutchouc  is  soluble  in  wood  spirit, 
alcohol,  chloroform,  benzine,  and  alkaline  solutions,  but  not  in 
turpentine,  sulphide  of  carbon,  and  ether.  It  yields  water  by 
distillation,  proving  the  presence  of  oxygen ;  its  percentage  com- 
position was  found  to  be — carbon  64,  hydrogen  8-46,  oxygen 
27'54.  Oxidation  is  prevented  if  the  caoutchouc  be  kept  under 
water.  In  contact  with  copper,  as  in  covered  wires,  caoutchouc 
becomes  viscid  and  even  fluid,  it  either  separates  from  the  copper 
or  leaves  the  latter  merely  covered  with  a  sticky  covering;  the 
change  is  not  well  understood,  it  is  stated  it  does  not"  take  place 
under  water  if  the  caoutchouc  be  pure.  To  prevent  the  change 
copper  wires  to  be  covered  with  India-rubber  should  be  carefully 
tinned,  a  practice  generally  adopted.  Sulphur  and  several  of  its 
compounds  act  on  caoutchouc  in  a  remarkable  manner  described 
in  Paragraph  360. 

359.  Caoutchouc  is  insoluble  in  alcohol,  but  it  absorbs  some- 
times 20  per  cent,  of  its  bulk  of  warm  anhydrous  alcohol ;  on 
evaporation  of  the  liquid  it  gradually  regains  its  original  proper- 
ties, but  is  more  translucent  and  less  tenacious.  It  readily  dis- 
solves in  ether  deprived  of  alcohol  by  washing  with  water,  the 
solution  is  colourless,  and  when  recovered  by  evaporation  the 
solid  caoutchouc  remains  sticky  for  some  time.  Treated  with 
naphtha  from  coal  tar  or  petroleum,  it  swells  to  about  thirty 
times  its  original  bulk,  and  when  triturated  and  worked  through 
a  sieve,  it  affords  a  homogeneous  varnish  used  in  waterproofing 
cloth.  It  dissolves  in  bisulphuret  of  carbon  and  some  essential 
oils,  as  oils  of  lavender  and  turpentine.  In  the  fixed  oils,  as 
linseed  oil,  with  certain  precautions,  but  the  solutions  do  not  dry 
well  the  residue  remains  sticky ;  the  more  volatile  the  solvent 
the  less  likely  is  the  residue  to  be  sticky,  hence  the  most  volatile 
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solvents  are  preferred.  One  of  the  most  perfect  solvents  is  100 
parts  bisulphuret  of  carbon  to  6  or  8  of  anhydrous  alcohol.  The 
solution  of  caoutchouc  for  waterproofing  is  effected  in  close 
vessels  by  triturating  machinery,  the  heat  developed  is  sufficient 
to  favour  the  process  of  solution,  and  as  much  as  13  cwts.  of 
caoutchouc  are  dissolved  at  one  time,  three  days  being  required  to 
complete  the  solution;  the  varnish  is  used  very  thick,  for  fine  work 
it  should  be  strained.  For  very  fine  work  ethereal  solution  is 
used  as  it  leaves  the  caoutchouc  free  from  disagreeable  smell,  the 
stickiness  of  this  varnish  is  removed  by  dusting  the  surface  of 
the  work  with  sublimed  sulphur  or  French  chalk.  To  effect  the 
solution  in  ether,  fhe  caoutchouc  should  be  cut  into  shreds  and 
boiled  in  water  for  two  hours,  the  ether  will  then  dissolve  it  in  a 
few  days.  Thirty-two  parts  rectified  oil  of  turpentine  to  one  part 
caoutchouc  forms  a  good  flexible  varnish;  15  to  20  grains  of  caout- 
chouc to  2  ounces  of  chloroform,  half  an  ounce  of  mastic  being  added 
afterwards,  and  the  whole  macerated  for  a  week,  forms  a  good 
transparent  cement — it  is  used  cold  with  a  brush.  Caoutchouc  is 
composed  of  two  isometric  compounds,  one  solid,  elastic,  and 
sparingly  soluble,  resisting  almost  all  solvents ;  the  other  semi- 
fluid, adhesive,  and  readily  dissolved ;  to  this  second  is  due  the 
property  of  soldering  by  pressure,  and  to  the  existence  of  these 
two  constituents  is  due  the  peculiar  phenomena  attending  solu- 
tion, which  is  generally  incomplete.  These  components  may  be 
separated  by  using  sufficient  quantity  of  the  solvent  without 
agitation  ;  their  relative  proportions  vary  with  the  nature  of  the 
solvent  and  quality  of  the  caoutchouc — e.g.,  anhydrous  ether 
extracts  66  per  cent,  of  white  soluble  matter  from  the  amber- 
coloured  gum,  oil  of  turpentine  extracts  49  per  cent,  of  yellow 
soluble  matter  from  the  common  material. 

360.  Caoutchouc  is  a  bad  conductor  of  heat.  At  ordinary 
temperatures  it  is  soft,  flexible,  and  highly  elastic,  its  elastic 
flexibility  being  its  characteristic  property.  Below  50°  F.  it 
hardens  with  decrease  in  temperature,  at  32°  F.  it  is  hard  and 
rigid,  and  resembles  leather  in  appearance;  if  lowered  in  tem- 
perature, while  stretched,  it  retains  its  altered  dimensions,  but  it 
regains  its  elasticity  and  original  dimensions  if  heated  above 
104°  F.,  it  also  regains  its  properties  imder  light  traction,  pro- 
bably by  reason  of  the  heat  developed.  As  its  temperature  is 
raised  it  becomes  more  flexible  and  soft ;  it  is  soft  at  248°  F.  (one 
authority  states  it  begins  to  melt  at  that  temperature),  about  293° 
F.  it  is  sticky  and  adherent  to  hard  bodies,  at  338°  F.  to  356°  F.  it 
melts  into  a  thick  liquid  like  treacle,  but  its  composition  is  un- 
altered. If  fused  it  remains  sticky  and  semi-fluid  upon  cooling,  but 
if  it  has  not  been  heated  much  above  its  melting  point,  on  exposure 
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to  the  air  in  thin  layers  it  recovers  its  original  properties.  If 
heated  to  398°  F.  it  begins  to  fume  and  is  converted  into  a  viscid 
mass,  which  does  not  dry ;  it  forms  a  drying  cement  with  half 
its  weight  of  slaked  lime  and  an  equal  quantity  of  red  lead.  If 
caoutchouc  be  distilled  at  600°  F.  an  exceedingly  volatile  liquid 
caoutchocine  passes  over;  this  fluid  is  speedily  decomposed  if 
exposed  to  the  air,  it  is  an  excellent  solvent  of  caoutchouc  copal 
and  other  resins,  it  is  used  mixed  with  alcohol;  at  a  lower 
temperature  sulphuretted  hydrogen,  hydrochloric  acid,  carbonic 
acid,  &c,  are  given  off.  The  residue  left  in  the  retort  after  distilla- 
tion with  oil  as  a  solvent,  forms  a  varnish  impervious  to  moisture 
and  very  elastic,  it  is  used  by  shipwrights.  Caoutchouc  is  very 
combustible,  it  burns  with  a  white  flame,  and  leaves  no  residue. 
361.  When  caoutchouc  is  combined  with  sulphur  it  is  said  to 
be  vulcanised ;  the  proportion  of  contained  sulphur  may  be  as 
great  as  20  per  cent.,  but  only  1  or  2  per  cent,  is  actually  com- 
bined with  the  caoutchouc  as  an  essential,  the  surplus  is  mechani- 
cally mixed  and  may  be  gradually  eliminated  by  alternate 
extension  and  contraction,  covering  the  surface  of  the  material 
with  a  fine  powder,  or  it  may  be  removed  by  treatment  with 
alkaline  solutions  or  solvents  of  sulphur.  The  presence  of 
sulphur  does  not  sensibly  modify  the  composition  of  the  caout- 
chouc ;  it  is  generally  admitted  that  the  sulphur  combines  with  one 
of  the  two  isometric  compounds  composing  the  caoutchouc  (Para- 
graph 359) — viz.,  that  one  which  is  soluble,  is  hardened  by  a  low 
and  softened  by  a  high  temperature,  is  sticky,  and  to  which  ordi- 
nary India-rubber  owes  its  property  of  joining  when  two  freshly- 
cut  surfaces  are  pressed  together;  the  combination  of  sulphur 
with  this  constituent  has  the  properties  of  the  other  constituent, 
hence  the  vulcanised  caoutchouc  has  the  properties  of  the  latter 
exclusively.  Vulcanised  is  distinguished  from  ordinary  India- 
rubber  in  the  following  particulars' : — Firstly,  It  does  not  become 
hard  and  rigid  as  ordinary  caoutchouc  at  about  40°  F.,  but  retains 
its  pliability  and  flexibility  at  low  temperatures ;  secondly,  freshly- 
cut  surfaces  pressed  together  will  not  adhere  together  as  in 
ordinary  caoutchouc ;  thirdly,  it  is  not  dissolved  by  any  known 
solvents  .of  ordinary  caoutchouc,  as  bisulphide  of  carbon,  naphtha, 
&c,  the  more  powerful  solvents  merely  causing  it  to  increase  in 
bulk — it  may  increase  to  nine  times  its  volume,  but  recovers  its 
original  volume  after  evaporation  of  6he  liquid ;  fourthly,  it  is 
not  affected  by  heat  at  temperatures  below  the  vulcanising 
temperature  (about  270°  F),  and  melts  at  between  390°  and  400" 
F. ;  fifthly,  it  is  not  oxidised  by  exposure  to  air  and  light  as 
ordinary  caoutchouc  ;  sixthly,  it  is  more  elastic ;  seventhly,  , 
whereas  ordinary  caoutchouc  absorbs  25  per  cent,  of  water,  com- 
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mon  vulcanised  caoutchouc  absorbs  only  4  per  cent.,  and  if  its 
excess  of  sulphur  be  eliminated  only  6-4  per  cent.  At  high  tem- 
peratures, especially  when  in  contact  with  metals,  it  gradually 
loses  its  flexibility,  and  generally  there  is  disengagement  of 
sulphuretted  hydrogen;  a  little  coal  tar  added  before  vulcanisa- 
tion is  said  to  obviate  these  inconveniences  in  a  great  measure. 
If  it  contain  excess  of  sulphur — i.e.,  sulphur  mechanically  mixed 
— its  durability  is  thereby  impaired,  at  about  248°  F.  this  sulphur 
enters  into  chemical  combination  and  renders  the  material  brittle ; 
the  same  effect  takes  place  at  ordinary  temperatures,  particularly 
if  the  material  be  kept  quiescent,  alternate  extension  and  com- 
pression and  friction  tend  to  eliminate  the  excess  of  sulphur,  and 
are  therefore  conducive  to  durability.  Common  qualities  gen- 
erally contain  sulphur  in  excess,  being  made  by  the  use  of  flour 
of  sulphur  only,  the  more  exact  processes  being  reserved  for 
special  purposes.  The  excess  of  sulphur  may  be  extracted  by 
solvents,  as  ether,  benzine,  or  sulphide  of  carbon.  Vulcanised 
caoutchouc  is  prepared  in  several  ways,  the  following  being  those 
most  generally  employed : — 

1.  Caoutchouc  is  kneaded  with  7  to  16  per  cent,  of  flour  of 
sulphur,  the  finished  articles  are  subjected  to  a  temperature  from 
266°  to  300°  F.  for  some  hours,  to  a  temperature  of  234°  F.  for  a 
time,  and  for  a  much  shorter  time  to  300°  F.,  or  to  steam  at  4 
atmospheres.  This  process  is  that  of  Mr.  Goodyear,  and  is  very 
commonly  adopted. 

2.  In  the  Hancock  process  the  fashioned  objects  are  carefully 
dried,  they  are  then  immersed  in  a  bath  of  flour  of  sulphur  heated 
to  from  266°  to  300°  F. ;  the  objects  are  kept  in  the  bath  two  to 
three  hours,  or  they  are  kept  in  the  bath  heated  to  234"  F.  until 
they  have  absorbed  one-fifteenth  of  their  weight  of  sulphur — the 
bath  is  then  heated  for  a  short  time  to  300°  F.  This  process  is 
useful  when  the  material  is  in  sheets,  tubes,  or  other  thin  masses 
not  differing  much  in  thickness  at  different  parts;  if  they  do 
differ  much  it  is  stated  there  is  liability  to  convert  the  thick 
parts  imperfectly,  and  the  thin  too  much,  the  latter  being  made 
hard. 

3.  In  Mr.  Parkes'  process  protochloride  of  sulphur  is  dissolved 
in  forty  to  fifty  times  its  weight  of  sulphide  of  carbon,  the 
fashioned  caoutchouc  is  immersed  in  this  solution  for  a  length  of 
time  dependent  on  its  thickness — about  two  minutes  being  suffi- 
cient when  this  is  about  -04";  the  articles  are  then  washed  in 
water  to  remove  the  excess  of  chloride  of  sulphur.  The  bromide 
of  sulphur  is  sometimes  used,  and  its  employment  has  some 
advantages,  but  after  a  time  an  acid  re-action  makes  the  caout- 
chouc hard  and  brittle.     To  prevent  this  it  has  been  proposed  to 
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use  metallic  oxides  in  particular  litharge.  This  process  is 
adapted  to  thin  articles  to  which  kneading  -with  flour  of  sulphur 
is  inapplicable. 

4.  The  fashioned  caoutchouc  is  immersed  for  three  hours  in  a 
solution  of  polysulphide  of  calcium  marking  25°  Baum6,  in  a 
close  vessel  at  280°  F. ;  they  are  then  -washed  with  a  weak 
alkaline  ley  (60°  Baum£).  This' process  yields  the  correct  degree 
of  sulphuration,  and  is  applicable  to  the  nicest  purposes  when 
durability  and  general  excellence  of  the  product  are  of  great 
moment. 

5.  The  following  process  also  gives  the  exact  degree  of 
sulphuration  required:  — 100  parts  of  caoutchouc  in  rough 
layers  is  mixed  with  4  parts  of  sulphur  and  50  parts  slaked 
lime,  the  ingredients  are  then  thoroughly  incorporated  by  pres- 
sure between  rollers ;  the  finished  articles  are  soaked  for  an  hour 
in  water  to  remove  excess  of  sulphide  of  calcium. 

6.  Vulcanised  India-rubber  frequently  suffers  a  chemical 
change  attributed  to  a  kind  of  acid  fermentation;  the  best 
modes  of  hindering  such  change  is  the  removal  of  free  sulphur 
by  immersing  the  articles  in  boiling  solution  of  caustic  soda,  or 
using  processes  for  vulcanising  which  give  the  exact  degree  of 
sulphuration.  The  former  mode  is  inapplicable  to  thin  masses. 
M.  Gerard  proposed  to  mix  5  to  10  per  cent,  of  lime  and 
vulcanise  by  the  Goodyear  process;  he  termed  the  product 
alkaline  V.  C.  Mr.  Day  recommended  pipe -clay  for  the  same 
purpose.  The  use  of  an  alkali  makes  the  material  harder  than 
ordinary  vulcanised  caoutchouc.  Other  matters  are  mixed  with 
vulcanised  caoutchouc,  particularly  antimony.  Mr.  Burke  pro- 
posed the  use  of  sulphuret  of  antimony ;  the  advantages  of  its 
employment  are  —  there  is  no  efflorescence  of  sulphur  at  the 
surface,  and  the  vulcanised  products  do  not  undergo  chemical 
change  in  contact  with  metals. 

362.  A  kind  of  vulcanised  caoutchouc  termed  indurated  India- 
rubber,  vulcanite,  and  ebonite,  is  a  very  valuable  material ;  it  is 
merely  vulcanised  caoutchouc  prepared  in  a  particular  manner. 
It  has  not  the  elastic  flexibility  of  vulcanised  elastic  India- 
rubber  ;  it  may  be  worked  like  ivory ;  it  is  light,  takes  a  high 
polish,  is  very  durable ;  being  tougher  than  ivory,  it  is  less 
liable  to  be  fractured  by  a  blow ;  it  does  not  require  seasoning 
to  give  it  permanence  of  form,  and  it  resists  solvents  even  better 
than  elastic  vulcanised  caoutchouc.  Ebonite  or  vulcanite  is 
made  by  mixing  caoutchouc  with  half  its  weight  of  sulphur ; 
the  mass  is  made  homogeneous  by  kneading  in  a  proper  machine 
ov  between  rollers,  it  is  rolled  into  sheets  or  fashioned  into 
other  required  forms,  and  exposed  for  two  hours  to  a  tempera- 
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ture  of  212°  F.,  and  for  four  hours  to  a  temperature  of  302°  F; 
at  the  higher  temperature  it  may  be  rolled.  The  following  pro- 
cess is  esteemed  more  highly  than  the  above  : — Selected  India- 
rubber  is  softened  by  a  temperature  of  170°  to  180°  F.,  cut  up, 
purified  by  treating  it  with  solution  of  soda ;  it  is  then  kneaded 
with  20  to  35  per  cent,  of  sulphur,  according  to  the  degree  of 
hardness  required,  the  sulphur  being  added  gradually  and  the 
kneading  performed  at  120°  to  140°  F.;  the  fashioned  material  is 
subjected  to  steam  at  4'5  atmospheres  during  8  to  12  hours, 
experience  being  necessary  to  ensure  excellence  in  the  product. 
Properly  the  term  ebonite  is  applied  when  the  material  is  com- 
posed of  caoutchoflc  and  sulphur  only,  when  mixed  with  colour- 
ing matter  the  compound  is  termed  vulcanite ;  the  latter  term  is 
sometimes  improperly  applied  to  the  material  used  as  an  insu- 
lator, which  should  be  composed  of  sulphur  and  caoutchouc  only. 
Ebonite  can  be  cut  with  a  saw,  turned,  and  generally  worked 
as  ivory ;  it  takes  a  fine  polish,  and  if  bent  warm  it  retains  the 
bent  form  when  cooled.  When  polished  its  surface  should  be 
free  from  specks,  otherwise  it  contains  foreign  matter  or  uncom- 
bined  sulphur ;  its  fracture  should  be  conchoidal  and  not  granular. 
Exposure  to  air  and  light  causes  oxidation  of  the  sulphur  with 
formation  of  sulphurous  acid ;  to  maintain  the  insulation  unim- 
paired it  should  therefore  always  be  coated  with  French  polish 
or  other  solution  of  shellac.  Ebonite  is  unsuited  for  uses  requir- 
ing it  to  be  exposed,  as  in  outdoor  insulators ;  it  suffers  decom- 
position as  explained  above,  it  becomes  porous,  and  cracks; 
it  is  frequently  applied  to  the  stalks  of  insulators,  probably 
with  a  view  of  increasing  the  insulation ;  but  these  coatings 
separate  from  the  metal  and  crack  when  exposed,  particularly  in 
the  tropics,  this  effect  being  probably  favoured  by  combination 
of  sulphur  with  the  metal  of  the  stalk.  The  legitimate  use  of 
ebonite  is  as  an  insulator  in  apparatus,  and  generally  indoors. 
Ebonite  in  thin  masses  has  great  elastic  flexibility  under  a  bend- 
ing load.     Its  specific  gravity  is  about  1*31. 

363.  India-rubber  is  a  better  insulator  than  gutta-percha,  and 
has  a  lower  inductive  capacity,  hence  many  attempts  have  been 
made  to  employ  it  as  an  insulator,  at  first  as  ordinary  and  ultimately 
as  vulcanised  India-rubber.  Fresh  India-rubber  contains  water 
in  such  proportion  that  its  insulating  power  is  very  low,  and  it 
is  not  a  good  insulator  until  dried.  Unmasticated  or  virgin  India- 
rubber  appears  to  be  more  durable  than  the  masticated  material, 
it  does  not  appear  to  be  changed  by  contact  with  copper,  if  it  does 
change,  the  alteration  takes  place  very  slowly.  The  Para  gum  is 
esteemed  more  durable  than  that  from  the  East  Indies,  but  it  is 
much  dearer;  the  latter  is,  however,  suitable  for  vulcanising. 
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Virgin  rubber  was  found  to  resist  the  action  of  raw  and  boiled 
linseed  oil  and  Stockholm  tar,  whereas  masticated  rubber  dis- 
solved in  the  first,  and  was  swollen  and  gelatinised  by  immersion 
in  the  others.  Crude  rubber  cannot,  however,  be  employed 
economically.  It  has  been  proposed  to  employ  the  liquid  India- 
rubber,  but  the  employment  of  India-rubber  in  this  manner  on  a 
large  scale  is  impracticable.  Masticated  India-rubber  is  applied 
to  wires  as  follows: — The  cauotchouc  being  formed  into  large 
square  blocks  is  cut  into  tapes  -£%"  thick,  these  are  stretched  and 
wound  on  the  wire,  the  whole  is  then  immersed  in  water  at 
140°  to  150°  F.  to  consolidate  the  rubber ;  the  joints  are  so  perfect 
that  they  cannot  be  discovered,  and  will  not  tear  open.  This 
process  was  employed  by  Messrs.  Silver  &  Co. ;  the  tapes  may  be 
half  an  inch  to  an  inch  wide,  several  tapes  may  be  superposed, 
and  each  tape  may  form  two  or  more  layers.  The  objection  to 
the  above  process  is  that  heat  spoils  the  material,  prolonged 
exposure  to  heat  causes  it  to  become  tarry.  Naphtha  and  other 
solvents  have  been  applied  to  the  joints,  but  their  use  is  very 
objectionable ;  the  joints  are  not  durable,  the  use  of  the  solvent 
induces  rapid  deterioration.  Mr.  Siemens  invented  a  method  of 
putting  on  the  caoutchouc  without  heat  or  solvents;  the  material 
was  cut  into  tapes  of  suitable  width,  the  wire,  together  with  two 
tapes,  were  passed  between  two  grooved  rollers,  the  freshly  cut 
edges  of  the  tapes  were  pressed  together,  thus  the  covering  had 
two  longitudinal  joints;  in  putting  on  two  or  more  layers  the 
joints  of  one  layer  were  placed  in  the  centre  of  the  tapes  of  the 
next.  Unless  this  joint  be  subjected  to  heat  it  may  be  torn  open. 
As  caoutchouc  changes  when  in  contact  with  copper,  the  copper 
must  be  covered  by  some  material  which  does  not  act  on  the 
caoutchouc;  in  the  earlier  cables  cotton,  hemp,  and  similar 
materials  were  used  to  cover  the  copper,  one  short  cable  of  this 
kind  was  found  to  work  after  being  under  ground  twenty  years, 
but  the  general  results  were  not  encouraging.  Mr.  W.  Hooper 
invented  a  mode  of  forming  the  material  into  blocks  by  compres- 
sion; after  cleaning  and  washing  the  crude  rubber,  before  masti- 
cating, compressing,  grinding,  or  dissolving  it,  it  is  heated  to 
250°  F.  in  a  closed  chamber  for  two  hours ;  it  is  thus  rendered 
much  easier  to  grind  and  more  soluble,  and  may  be  compressed 
into  a  solid  block  very  similar  to  masticated  India-rubber  without 
previous  mastication.  Mr.  Hooper  also  applied  the  tapes  to  the 
wires  at  a  uniform  temperature,  (about  60°  F.)  '  Mr.  Hooper  plates 
the  wire  to  be  covered  with  India-rubber  with  tin  or  a  tin  alloy, 
either  put  on  the  wire  after  drawing  or  drawn  down  with  the  wire. 
The  only  mode  of  covering  wires  with  India-rubber  at  present 
used  to  any  appreciable  extent  for  cables  is  that  of  Mr.  Hooper ; 
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the  copper  wire  is  plated,  then  covered  with  ordinary  rubber  put 
on  spirally,  over  this  is  put  on  with  a  die  a  thin  covering  of  a 
mixture  of  India-rubber  and  oxide  of  zinc,  termed  the  separator — 
a  compound  of  this  kind  is  described  by  the  inventor,  it  consists 
of  two  parts  by  weight  India-rubbor,  and  one  part  oxide  of  zinc, 
ground  for  three  hours  with  heated  rollers ;  over  the  separator 
the  wire  is  covered  with  India-rubber  kneaded  with  sulphur 
(termed  the  jacket),  the  whole  is  then  subjected  to  steam  heat  of 
350°  F.  for  four  hours.  The  inner  covering  is  put  on  spirally, 
the  jacket  is  put  on  longitudinally,  or  spirally,  the  application  of 
the  jacket  protects  the  inner  layer  during  the  application  of  heat, 
the  heating  vulcanises  the  jacket  and  consolidates  the  whole,  the 
separator  hinders  the  sulphur  from  passing  from  the  jacket  to  the 
layer  in  contact  with  the  wire  where  it  would  combine  with  the 
metal.  A  trace  of  sulphur  does  pass  through,  as  it  has  been 
found,  and  a  film  of  dark-coloured  matter  has  been  observed  on 
the  surface  of  the  conductor,  but  apparently  not  to  an  extent 
practically  injurious.  The  core  is  joined  by  first  laying  on  a  tape 
of  masticated  rubber,  then  a  tape  of  separator,  and  finally  tapes 
of  jacket,  the  joint  is  then  subjected  to  heat  to  vulcanise  the 
jacket.  The  following  is  a  mode  of  making  joints  in  Hooper's 
core : — -The  core  is  usually  covered  with  a  coating  of  felt,  this 
is  removed  for  about  twelve  incbes  from  each  end  of  the  core  by 
applying  naphtha  and  brushing  with  a  wire  brush.  The  insulator 
is  cut  off  to  bare  the  conductor  for  two  or  three  inches  at  each 
end,  and  the  conductor  is  joined  in  the  usual  manner ;  but  the 
solder  used  must  have  a  melting  point  higher  than  the  vulcanising 
temperature  (300°  F.),  or  it  will  run  and  spoil  the  joint  in  the 
process  of  vulcanising ;  any  of  the  soldering  alloys  which  melt 
at  a  sufficiently  high  temperature  (Paragraph  387)  may  be  used, 
pure  tin  is  commonly  used  in  India.  The  insulator  is  tapered 
down  to  the  conductor  on  each  side  of  the  joint  by  cutting  it  with 
curved  scissors;  the  taper  is  made  about  two  inches  long  on  each 
side,  it  should  be  made  regular  in  figure  and  the  surfaces  kept 
chemically  clean  and  free  from  moisture.  A  tape  of  pure  masti- 
cated rubber  is  laid  on  helically  from  the  separator  at  one  end  to 
the  separator  at  the  other  end  of  the  joint,  and  back  again  wound 
in  the  contrary  direction ;  the  ends  of  this  tape  are  fastened  by 
pressing  them  down  with  a  heated  knife  blade  or  tooling-iron. 
Over  the  masticated  rubber  is  wound  on  a  white  tape  of  sepa- 
rator, this  is  put  on  in  one  layer  extending  from  the  edge  of  the 
jacket  at  one  end  to  the  edge  at  the  other  end,  and  the  ends  of 
this  tape  are  also  made  to  adhere  by  the  application  of  a  heated 
tool.  Over  the  separator  is  wound  a  tape  of  India-rubber,  mixed 
with  sulphur,  this  tape  is  coloured  red  for  distinction,  it  is  put 
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on  in  three  layers,  the  last  layer  is  extended  for  two  inches  on 
each  side  over  the  uncut  core,  the  latter  being  seared  'with  a  hot 
iron  before  cutting  the  core  down  with  the  scissors  to  ensure 
chemically  clean  surfaces.  The  joint  is  covered  with  a  tight 
sewing  of  strips  of  calico  in  two  or  three  layers,  the  ends  of  these 
are  secured  with  a  thick  India-rubber  solution  or  sometimes  pre- 
ferably with  twine;  the  joint  is  ready  for  heating  to  vulcanise 
the  jacket.  The  tapes  should  be  stretched  and  put  on  tightly, 
great  care  should  be  taken  to  make  them  lie  closely  so  as  to 
exclude  air ;  the  surfaces  to  adhere  should  be  chemically  clean, 
and  the  greatest  care  should  be  taken  to  keep  these  surfaces  dry 
by  working  with  dry  hands  and  drying  the  conductor  and  each 
layer.  The  joint  having  been  completed  as  described  should  be 
exposed  to  a  vulcanising  heat  to  vulcanise  the  jacket,  solidify  the 
joint,  and  cause  perfect  adhesion  between  the  materials  applied 
and  the  core  at  each  end.  After  vulcanising  one  or  more  layers 
of  the  outer  cotton,  tape  should  be  removed  and  the  joint  examined. 
As  the  steam  jacket  and  other  sources  of  heat  used  commonly 
in  vulcanising,  are  expensive  and  difficult  to  obtain  and  use  in 
telegraph  work,  the  source  of  heat  employed  is  commonly  a  bath 
of  some  mixture  which  melts  at  the  required  temperature ;  bees- 
wax saturated  at  a  temperature  of  200"  F.  with  asphalt  and 
strained  has  been  used  in  India.  The  mixture  is  melted  in  a 
suitable  vessel  by  means  of  a  charcoal  fire,  it  is  then  allowed  to  cool 
almost  to  the  temperature  at  which  it  solidifies,  the  joint  is  then 
immersed,  and  the  whole  is  heated  gradually  until  the  bath  boils ; 
the  fire  is  then  removed  and  the  whole  allowed  to  cool  until  the 
compound  is  about  to  solidify,  when  the  joint  is  removed  from  the 
bath  and  immersed  in  cold  water.  The  above  will  convey  a  general 
idea  of  the  mode  of  joining  India-rubber  core;  the  manufacturers 
issue  directions  with  the  necessary  material  for  joining  core  of  the 
•  several  patterns  they  manufacture;  the  precise  details  of  jointing 
must  evidently  vary  with  the  size  and  the  composition  and  arrange- 
ment of  the  constituent  elements  of  the  particular  sample  of  core 
to  be  j  oined.  If  stranded  wire  be  used  the  centre  wire  of  the  strand 
is  covered  with  separator*  and  the  other  wires  are  laid  into  this. 
As  compared  with  gutta-percha,  India-rubber  has  the  following 
advantages  : — It  is  not  affected  by  elevation  of  temperature  below 
212°  P.,  whereas  gutta-percha  core  is  softened  at  120°  to  130°  ¥.; 
it  is  a  better  insulator,  and  has  a  lower  inductive  capacity  than 
gutta-percha.  It  is  more  resilient  and  therefore  far  less  liable 
to  mechanical  injury,  a  vehicle  may  be  driven  over  rubber  core 
without  sensibly  flattening  it  permanently.  Hooper's  core  is 
much  more  durable  than  gutta-percha  when  exposed  in  the 
tropics;   India-rubber   core  is  more  flexible  than  gutta-percha 
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core,  and  is  therefore  better  suited  for  movable   connections. 
The  disadvantages  of  India-rubber  are  the  folio  wing: — it  absorbs 
more  water  than  gutta-percha,  both  materials  absorb  much  less 
in  salt  than  fresh  water,  the  absorption  of  gutta-percha  is  very 
Blight  indeed  in  salt  water — this  absorption  is  not  found  to 
reduce  the  insulating  property  to  an  extent  of  practical  importance 
in  thick  masses,  as  ordinary  covered  wire,  but  in  thin  plates  it 
seriously  impairs  this  property.    Hitherto  India-rubber  could  not 
be  safely  joined,  but  this  difficulty  is  got  over  in  Hooper's  core; 
the  system  of  cooking  under  a  jacket  seems  to  effectually  con- 
solidate the  whole  without  damaging  the  pure  rubber  by  heat, 
and  the  joints  mafle  in  the  finished  core  appear  perfect;  India- 
rubber  becomes  viscid  in  contact  with  copper,  but  this  is  got 
over  by  coating  the  copper  with  tin,  and  although  the  rubber 
has  been  found  slightly  sticky  this  does  not  appear  to  occur  to 
an  injurious  extent,  and  probably  does  not  occur  at  all  under 
water;  the  sulphur  in  the  vulcanised  rubber  in  some  cases  has 
been  found  to  have  slightly  attacked  the  metal,  but  to  an  insig- 
nificant  extent.     India-rubber    is   affected    by  greasy  matters 
■which  preserve  gutta-percha,  such  as  boiled  and  raw  linseed  oil. 
India-rubber   is  not  uniform  in   quality  as   gutta-percha,  and 
mixed  qualities  are  inferior  in  durability,  but  this  objection  has 
no  force  if  the  rubber  be  vulcanised.     Gutta-percha  core  can  be 
more  readily  joined  than  India-rubber  core,  as  the  latter  requires 
cooking;  this  is  a  great  objection  to  the  use  of  this  material  for 
underground  wires  in  towns  and  for  some  other  purposes,  but  is 
of  less  moment  in  the  case  of  a  cable.     The  great  objection  to 
the  \ise  of  India-rubber  was  the  fact,  that  as  gutta-percha  had 
been  studied  and  was  well  understood,  it  was  better  to  keep  to 
the  employment  of  this  material  than  commence  anew  to  risk 
capital  on  an  untried  material,  gutta-percha  having  been  suc- 
cessfully applied  only  after  many  costly  failures;  but  at  present 
there  is  more  data  on  which  to  base  a  judgment ;  from  informa- 
tion furnished  by  the  manufacturers  it  appears  upwards  of  9000 
miles  of  Hooper's  submarine  cables  have  been  laid  or  are  to  be 
laid,  including  5000  miles  for  the  Great  "Western  Company,  and 
a  sample  cable  was  laid  as  long  ago  as  1863.     There  is  much 
difference  of  opinion  on  the  subject;  the  engineer  can,  however, 
now  examine  for  himself  into  the  respective  merits  of  cables 
actually  in  operation.     Various  compounds  of  India-rubber  with 
shellac,  gutta-percha,  and  other  matters,  have  been  proposed 
from  time  to  time ;  one  of  the  best  is  Wray's  compound,  this  is 
composed  of  shellac,  India-rubber,  and  powdered  silica  or  alumina, 
and  about  one-ninth  gutta-percha ;  it  is  put  on  with  a  die,  but  is 
obviously  inferior  to  vulcanised  India-rubber. 
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Section  III. — Porcderin,  Ivory,  Paraffin,  &c. 

364.  Porcelain  and  stoneware.  —  Glass,  indurated  caout- 
chouc, varnished  wood,  and  porcelain  and  stoneware  have  been 
tried  as  insulating  materials  for  land  lines ;  but  porcelain  and 
stoneware  are  the  only  materials  in  general  use.  The  materials 
actually  used  are  several  varieties  of  white  porcelain  and  brown 
earthenware.  Clay  is  the  basis  of  porcelain  and  stoneware ;  it 
is  a  hydrous  silicate  of  alumina,  differing  greatly  in  the  relative 
proportions  of  alumina  and  silica ;  it  generally  contains  mechani- 
cally mixed  lime,  magnesia,  and  small  quantities  of  other  sub- 
stances, and  is  produced  as  a  rule  by  the  decomposition  of 
felspathic  rocks.  The  clay  used  for  porcelain,  termed  porcelain 
earth  or  kaolin,  is  white  or  yellowish  in  colour,  and  retains  its 
colour  when  baked  ;  potters'  clay  used  for  stoneware  is  similar 
to  the  above,  but  coarser,  and  some  kinds  change  colour  in  bak- 
ing; both  kinds  of  clay  are  infusible  in  the  porcelain  furnace. 
Clay  alone  is  too  contractile  when  acted  on  by  heat  to  admit  of 
it  being  used  alone  for  pottery,  as  it  would  crack  and  warp  in 
the  kiln  ;  it  is  therefore  mixed  with  a  silicious  substance  to 
reduce  the  contraction;  the  substance  usually  used  is  flint 
powder,  prepared  by  throwing  flints  heated  to  a  red  heat  into 
water  to  render  them  brittle,  and  then  grinding  them  to  powder. 
This  paste  is  not  fusible,  and  is  therefore  mixed  with  a  flux ; 
the  flux  used  is  a  felspathic  rock  which  is  calcined,  ground  to 
powder,  and  mixed  with  the  clay  and  flints ;  it  is  composed  of 
silica,  alumina,  potash,  and  lime;  chalk  or  some  other  salt  of 
lime  is  sometimes  added.  The  paste  described  softens  slightly 
in  the  kiln  and  becomes  translucent ;  when  baked  its  fracture 
presents  a  semi- vitrified  appearance — this  is  termed  hard  or 
genuine  porcelain.  If  the  fusible  ingredients  be  in  greater 
proportion  and  more  fusible,  the  product  is  termed  soft  or  tender 
porcelain.  Hard  porcelain  is  glazed  with  an  earthy  glaze,  soft 
porcelain  is  glazed  with  a  soft  kind  of  glass  containing  oxide  of 
lead.  Hard  porcelain  is  stronger,  resists  extreme  alternations 
of  temperature  better,  and  has  a  much  more  durable  glaze  than 
soft  porcelain.  The  composition  of  porcelain  is  varied  by  different 
manufacturers,  but  the  nearer  it  approaches  the  hard  variety 
described  above  the  better  is  it  adapted  for  insulators.  Some 
insulators,  as  the  so-called  Prussian  insulator,  have  a  very 
vitrified  fracture ;  others,  as  some  English  kinds,  present  the 
semi-vitrified  appearance,  shewing  the  paste  has  just  softened 
in  the  fire.  If  the  paste  softens  in  the  fire  it  is  quite  sufficient 
to  prevent  the  absorption  of  water  by  the  body  of  the  insulator ; 
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the  use  of  an  excess  of  flux  should  be  avoided.  Soft  glaze  is 
readily  worn  through  if  the  line  wire  rests  on  the  porcelain, 
and  as  the  object  of  the  glaze  is  to  present  a  smooth  surface 
which  may  be  readily  washed  by  rain,  and  to  which  dirt  will  not 
readily  adhere,  a  hard  earthy  glaze  should  always  be  preferred 
to  a  more  brilliant  but  softer  description.  Stoneware,  like  porce- 
lain, is  made  of  clay  combined  with  flint  powder  and  felspathic 
minerals,  in  some  cases  cement-stone  or  chalk  is  used  to  supply 
lime ;  the  flux  causes  partial  fusion  at  the  heat  of  the  kiln. 
Formerly  salt  glaze  was  always  used  for  this  ware,  but  some 
ware  is  glazed  at  present  with  an  earthy  glaze  composed  of  flint, 
decomposed  granfte,  &c.  The  composition  of  stoneware  is  greatly 
varied  by  different  makers,  but  it  appears  that  although  stone- 
ware has  a  characteristic  semi-vitrified  fracture,  it  contains  less 
of  the  fluxing  material  than  porcelain,  and  the  vitrification  is  not 
therefore  so  strongly  marked ;  for  this  reason  only  the  best  and 
specially  made  stoneware  is  suitable  for  insulators.  This  ware 
is  cheaper  than  porcelain,  and  is  extensively  employed.  The 
soft  material  is  fashioned  by  throwing  and  turning,  by  making 
the  paste  semi-fluid  and  casting  it,  and  by  pressing  the  paste, 
made  rather  stiff,  into  moulds ;  the  third  mode  is  that  employed 
for  making  telegraph  insulators,  as  it  produces  the  densest  and 
strongest  insulator,  and  reduces  to  a  minimum  th'e  possibility  of 
faults,  such  as  cavities  and  cracks  ;  the  material  is  used  as  dry  as 
practicable,  and  pressed  into  strong  moulds  with  considerable 
force.  The  use  of  a  stiff  paste  has  also  the  advantage  of  reducing 
the  shrinkage  in  the  kiln ;  in  statuettes,  which  must  be  cast, 
the  shrinkage  reaches  25  per  cent,  in  volume,  the  result  is  con- 
siderable loss  by  warping  and  consequent  enhancement  of  cost. 
Both  stoneware  and  porcelain  offer  great  resistance  to  crushing, 
but  they  are  unsuited  to  resist  a  tensile  load ;  thus  in  shackles 
and  insulators  the  porcelain  should  be  subjected  to  compression 
only.  Porcelain  is  not  suited  to  resist  shocks,  and  care  should 
therefore  be  taken  when  placing  a  load  upon  it  to  do  so  steadily; 
the  iron  caps  of  insulators  serve  to  protect  them  against  fracture 
from  this  cause,  and  they  also  help  to  keep  the  pieces  together 
should  the  porcelain  be  accidentally  cracked.  If  the  line  wire 
rest  directly  on  the  porcelain  it  wears  off  the  glaze  ;  this  effect  is 
also  prevented  by  the  iron  hood.  As  porcelain  is  so  brittle  and 
deficient  in  tenacity,  the  use  of  a  cement  which  expands  destroys 
the  insulators  j  cement  of  iron  filings  and  sulphur  is  a  most 
destructive  material  in  this  respect.  The  cements  in  use  for 
cementing  the  cups  of  insulators  are  treated  of  in  Chapter  I., 
section  4  ;  in  some  patterns  the  stalks  are  not  cemented  in ;  the 
Prussian  pattern  insulator  has  the  stalk  fixed  with  tow  dipped 
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in  petroleum — this  must  tend  to  deaden  shocks,  but  the  hemp 
shrinks  and  requires  renewal  after  a  few  years'  exposure ;  it  is 
necessary  before  putting  in  the  stalk  to  place  a  small  pad  of  tow 
in  the  bottom  of  the  hole — a  precaution  often  neglected.  Some 
insulators  have  a  metal  female  screw  cemented  into  them  into 
which  the  stalk  is  screwed ;  this  has  some  advantages,  but  is  not 
necessary,  and  it  increases  the  cost  of  the  insulator.  A  very 
small  crack  in  the  porcelain  of  an  insulator  is  sufficient  to 
seriously  impair  its  electrical  efficiency,  but  the  insu- 
lating power  should  not  be  impaired  by  injury  to  the 
glaze  alone ;  thus  before  testing  the  electrical  value  of 
an  insulator  a  large  patch  of  the  glaze  should  be 
ground  through.  The  glaze  should  simply  act  mecha- 
nically to  preserve  the  insulation.  If  the  edge  of  an 
insulator  cup  be  rounded,  as  1  (fig.  66),  water,  does  not 
Fig.  66.  so  readily  drop  off  as  from  a  sharper  edge,  as  2.  It  is 
also  an  advantage  for  the  outside  surfaces  of  the  cups 
to  be  as  nearly  perpendicular  as  possible,  as  they  are  then  more 
readily  washed  by  rain,  and  less  dust  remains  on  them.  Insu- 
lators which  have  several  concentric  cups  are  difficult  to  clean 
and  examine ;  these  can  only  be  cleaned  by  removal  from  the 
line.  For  short  lines  in  towns  single  cup  insulators  are  suitable ; 
they  are  cheaper  than  the  double  cup  patterns,  easier  cleaned, 
and  have  ample  resistance ;  but  for  long  lines  double  cups  are 
employed.  Insulators  fixed  by  screws  through  ears  wholly  of 
porcelain  or  stoneware  are  sometimes  used  for  thin  wires ;  they 
are  unsuitable  when  thick  wires  are  used. 

365.  Horn. — The  use  of  horn  in  telegraph  instruments  has  been 
generally  superseded  by  that  of  ebonite;  but  horn  is  often  much 
cheaper,  more  easily  procured,  and  well  varnished.it  serves  very 
well  for  common  instruments,  or  for  temporary  purposes.  Horn 
may  be  cut  cold  with  a  saw,  and  when  heated  it  may  be  fashioned 
with  a  knife  as  easily  as  deal ;  it  is  distinguished  from  bone  by 
containing  a  greater  proportion  of  gelatine. 

366.  Ivory  and  bone.— Bone  has  to  be  purified  before  it  can 
be  employed,  and  as  it  is  purified  by  the  action  of  hot  water  it 
loses  a  portion  of  its  gelatine,  and  has  its  original  strength  and 
elasticity  impaired  by  the  process.  Ivory  has  less  gelatine  than 
bone,  but  it  does  not  need  purification;  it  is  stronger  and  denser 
than  bone,  and  is  free  from  pores.  It  requires  seasoning  like 
wood,  it  shrinks  both  longitudinally  and  transversely,  the  former 
much  less  than  the  latter;  it  shrinks  unequally  in  the  directions 
of  the  tangent  to  and  radius  of  the  cross  section  of  the  tusk.  It 
absorbs  water  to  a  very  slight  extent.  Ivory  is  cut  with  a  saw 
fitted  in  a  steel  frame — the  blade  should  be  15  to  30  inches  long, 
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from  1-5  to  3  inches  wide,  and  about  -02  inch  thick;  the  teeth 
should  be  five  or  six  to  the  inch,  sloped  a  little  forward,  slightly- 
set,  and  very  sharp ;  the  saw  should  be  lubricated  with  solid  fat, 
and  at  entering  it  should  be  guided  very  correctly,  and  with  no 
pressure  but  that  of  its  own  weight.  Ebonite  is  cut  in  the  same 
manner  as  ivory,  but  being  cheaper  less  care  is  taken  to  avoid 
waste,  and  being  without  organic  structure  ebonite  is  not  so 
likely  to  split ;  it  is  easier  to  cut  up  than  ivory.  Ivory  is  most 
frequently  used  turned,  it  is  used  for  labels,  handles,  &c,  outside, 
and  as  insulating  material  inside  telegraph  instruments,  as  gal- 
vanometers, relays,  &c. ;  it  has  been  largely  superseded  as  an 
insulating  material  by  ebonite,  but  is  still  used  and  will  probably 
continue  to  be  used  as  an  insulator  for  lining  small  holes  through 
metal  plates,  &c.  Ivory  is  best  joined  by  cement  made  of  isin- 
glass dissolved  in  dilute  alcohol  or  gin,  by  simmering  in  a  water 
bath  for  an  hour. 

367.  Paraffin,  from  parum  affinis,  is  a  fatty  substance,  as  its 
name  implies  chemically  very  stable  and  indifferent.  When 
pure  it  is  solid,  inodorous,  tasteless,  colourless,  and  translucent, 
somewhat  resembling  spermaceti,  but  with  less  apparent  crystal- 
line structure.  Specific  gravity -870;  it  melts  at  from  113°  F. 
to  149°  F.,  forming  a  thin  colourless  oil;  it  boils  at  698°  F.,  and 
with  care  may  be  volatilised  without  decomposition.  It  does  not 
absorb  oxygen  from  the  air  at  ordinary  temperatures;  it  burns 
with  difficulty  without  a  wick,  readily  and  brightly  with  one. 
Paraffin  is  insoluble  in  water,  soluble  in  2*85  parts  of  boiling 
alcohol,  but  it  separates  completely  on  cooling,  forming  snowy 
crystals;  it  is  much  more  soluble  in  ether  and  in  oils,  it  is  not 
attacked  by  chlorine  unless  melted;  it  resists  dilute  nitric  and 
sulphuric  acids,  it  is  attacked  but  slowly  by  strong  sulphuric 
acid  even  at  212°  F.,  it  is  decomposed  by  strong  nitric  acid  aided 
by  heat.  Paraffin  is  the  solid  portion  of  the  mixture  of  oily 
hydrocarbons  produced  together  with  other  substances,  by  the 
destructive  distillation  below  a  low  red  heat  of  different  organic 
bodies  and  bituminous  minerals ;  it  is  also  a  constituent  of  many 
varieties  of  petroleum,  and  is  found  native  in  bituminous  strata. 
The  actual  sources  of  supply  of  paraffin  are — tar  obtained  by 
distilling  coal,  bituminous  shale,  peat,  and  mineral  oils.  It  is 
probably  a  mixture  of  several  hydrocarbons;  its  ultimate  com- 
position varies  with  the  source  of  supply,  the  percentage  of 
carbon  varying  between  84'60  and  85-31,  and  of  hydrogen  be- 
tween 14 -23  and  154.  Paraffin  is  used  to  protect  covered  wires 
forming  the  connections  of  electrical  instruments;  gutta-percha 
and  caoutchouc  covered  wires  may  be  thus  protected  from  con- 
tact with  the  air,  and  have  their  original  insulation  readily 
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preserved ;  the  paraffin  is  poured  into  the  base  board  containing 
the  connections  to  be  protected,  so  that  when  it  solidifies  the 
connecting  wires  may  be  enclosed  in  a  solid  block  of  paraffin. 
Melted  paraffin  spread  thinly  on  absorbent  bank  post  paper, 
forms  a  dielectric  much  used  in  making  condensers  or  accumu- 
lators for  ordinary  use  in  telegraph  offices,  tinfoil  and  paper 
saturated  with  paraffin  are  alternated,  and  the  required  extent 
of  surface  having  been  arranged  in  this  manner,  the  whole  is 
enclosed  in  a  suitable  box,  which  is  then  filled  up  with  melted 
paraffin  to  form  a  solid  mass.  Paraffin  used  in  the  manner  de- 
scribed serves  not  only  to  preserve  the  insulation,  but  to  protect 
thin  sheets  and  wires  against  mechanical  disturbance. 

368.  Drying  Oils. — Drying  oils  are  fixed  oils  which  have  been 
boiled  with  a  metallic  oxide,  usually  litharge,  an  oxide  of  lead; 
the  metallic  oxides  commonly  used  are  technically  termed  dryers. 
Oil  so  treated  when  used  as  a  varnish  quickly  dries  and  leaves  a 
coating  of  varnish ;  these  oils  are  used  in  painting  for  varnishing 
out-door  woodwork,  &c.  Factitious  gum  used  for  making  catheters 
and  other  surgical  instruments,  is  made  of  drying  oil  rendered 
thick  by  prolonged  boiling;  japanned  leather  furnishes  another 
example  of  their  employment,  the  varnish  being  very  flexible 
and  not  liable  to  crack  when  the  work  is  well  done.  Drying  oil 
is  an  excellent  varnish  for  wires  covered  with  silk  or  cotton,  but 
it  is  not  generally  used  as  an  insulator;  this  with  other  matters 
used  as  flexible  varnishes  deserve  consideration  by  the  telegraph 
engineer.  Mr.  William  Hooper  has  obtained  provisional  protec- 
tion for  the  application  of  a  compound  adapted  to  telegraph  pur- 
poses; the  specification  is  numbered  3780,  and  dated  the  20th  of 
November,  1873,  and  the  following  description  is  from  the  specifi- 
cation:— The  object  of  the  invention  is  the  preparation  of  a  com- 
pound for  applying  to  cables,  either  directly  to  the  conductor  or 
over  another  insulator,  preferably  India-rubber,  and  suitable  for 
applying  with  cotton,  tape,  or  other  fibrous  material,  and  for 
covering  wires  generally.  The  compound  is  obtained  from  the 
distillation  of  cotton-seed  oil,  or  the  "  foots  "  of  this  or  any  other 
vegetable  drying  oil;  the  soft  tar  or  oil  is  oxidised  by  nitric 
acid  aided  by  heat,  and  mixed  with  hard  pitch  obtained  by 
distillation  of  cotton-seed  oil,  or  other  vegetable  drying  oil. 
The  compound  is  sufficiently  fluid  for  use  at  300°  F,  it  is  a  good 
insulator,  unaltered  by  water,  tough  and  not  readily  cracked  by 
"bending,  and  free  from  naphtha,  tar,  pitch,  and  other  materials 
likely  to  impair  the  insulating  property  of  India-rubber.  The 
inventor  also  saturates  the  fibrous  yarns  used  in  telegraph  cables 
with  soft  pitch,  obtained  by  the  distillation  of  cotton-seed  oil,  or 
other  vegetable  drying  oil.     Messrs.  Hooper  and  Dunlop,  the 
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inventors,  state  they  sometimes  substitute  for  soft  pitch  oxidised 
by  nitric  acid,  a  closely -resembling  material  "  oudroic"  obtained 
as  a  bye-product  from  the  distillation  of  matters  containing 
stearine,  and  chiefly  imported  from  Holland.  Another  compound 
has  been  invented  by  Mr.  Madsen,  it  is  described  in  the  specifi- 
cation as  suited  for  use  as  an  insulator  in  cables.  It  is  com- 
posed of  one  part  by  weight  wax,  one-half  resin,  three-fourths 
paraffin,  one-half  crude  turpentine,  and  one-eighth  tallow.  For 
saturating  tapes  the  inventor  uses  one  part  Stockholm  pitch, 
one-fourth  wax,  and  one-eighth  tallow. 


CHAPTER  IV. 


Operations    and    Manipulation,    including    Drawing   and 
Surveying. 

Section  I. — Ropes  and  Chains;   Straining  Wires  and  Raising 
Heavy  Bodies. 

369.  The  best  blocks  for  telegraph  purposes  have  iron  shells, 
brass  sheaves,  and  steel  spindles;  they  should  be  as  light  as 
consistent  with  strength.  Chains  are  not  used  for  raising 
weights  or  straining  up  lines,  as  toe  tension  in  these  cases  is 
not  so  great  as  to  render  the  use  of  them  advisable;  but  they 
are  used  for  lashings,  as  stays  for  standing  masts,  &c.  Chain  is 
of  two  kinds — crane  chain,  in  which  the  links  are  small  and  oval, 
and  chain  cable,  in  which  the  links  are  somewhat  longer  and  have 
a  stay  or  stud  inserted  transversely  in  each  link.  Oval-linked 
chain  is  seldom  used  of  iron  above  an  inch  in  diameter;  the 
weight  of  this  chain  in  pounds  per  fathom  is  as  follows: — 

|"  8-5;    $"  14;    |»  24;    |"  32;    f  44;    1"  56. 

For  particulars  concerning  the  strength  and  distribution  of  stress 
in  chains,  see  Paragraphs  97,  318,  and  331.  When  chains  are 
used  as  lashings  they  are  wound  several  times  round  a  picket, 
timber  head,  or  other  suitable  body,  and  the  end  is  secured  with 
yarn;  or  the  chain  may  be  loosely  knotted  and  the  end  secured 
in  the  same  manner.  Small  chain  in  short  lengths  is  sometimes 
used  with  straining  winches. 

370.  Ropes  are  made  from  hemp  or  Manilla;  hemp  fibres  vary 
from  3  to  3^  feet  in  length ;  these  fibres  are  twisted  right-handed 
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into  yarns,  the  yarns  left-handed  into  strands ;  three  strands 
twisted  right-handed  form  a  hawser  rope.  The  twisting  causes 
so  much  friction  between  the  fibres  that  when  subjected  to  ten- 
sion they  are  not  drawn  asunder,  but  the  force  is  resisted  by 
all  the  fibres  together.  Formerly  ropes  were  twisted  by  hand, 
aided  by  very  simple  appliances,  but  now  most  ropes  are  made 
by  machinery.  Ropes  are  distinguished  in  size  by  their  girth  in 
inches — e.g.,  a  10-inch  rope  is  a  rope  10  inches  in  circumference. 
Hand-made  ropes  are  about  7£  per  cent,  heavier  than  machine- 
made,  both  containing  the  same  number  of  yarns  and  measuring 
the  same  in  girth.  Machine-made  rope  is  however  the  stronger, 
for  the  machinery  so  twists  the  yarns  into  strands,  and  the 
strands  into  rope,  that  every  part  is  equally  strained  when  the 
rope  is  loaded.  Machine-made  ropes  of  different  sizes  are  equal 
in  strength  per  unit  of  sectional  area,  but  hand-made  ropes  differ 
widely — e.  g.,  the  difference  of  strength  per  unit  of  area  was 
found  33  per  cent,  less  in  an  8-inch  rope,  than  in  a  3-inch  rope 
of  the  same  quality  hemp.  Ropes  made  without  tar  are  called 
white  ropes ;  tarred  ropes  have  the  yarns  passed  through  the  tar  hot 
or  cold.  Tarred  rope  is  weaker  than  white  rope,  that  tarred  cold 
is  about  25  per  cent,  weaker;  ropes  tarred  hot  are  16  to  20  per 
cent,  stronger  than  those  tarred  cold,  and  they  are  equally  strong 
per  unit  of  area  in  different  sizes,  but  the  strength  of  ropes 
tarred  cold  varies  widely  in  different  sizes ;  this  difference  of 
strength  is  14  per  cent,  between  an  8-inch  and  a  3-inch  rope 
in  favour  of  the  latter.  Tar  acts  on  the  strength  of  rope  hj 
diminishing  the  friction  between  the  fibres,  and  by  acting  chemi- 
cally on  them  ;  tarred  ropes  maintain  their  strength  longer  than 
white  ropes,  particularly  when  exposed  to  water ;  but  to  ensure 
this  result  the  tar  must  be  freed  from  acid  matter  likely  to 
destroy  the  fibres,  otherwise  the  tar  is  very  prejudicial,  hastening 
the  decay  of  the  rope,  so  that  in  warm  climates  the  rope  becomes 
useless  in  about  three  years.  Messrs.  Chapman  of  Newcastle 
proposed  boiling  the  tar  with  water  to  remove  the  acid  and 
mucilage,  then  concentrating  it  by  boiling,  and  thinning  it  down 
with  fat  or  oil.  Navier  states,  that  tarred  cordage,  deducting 
the  weight  of  tar,  is  as  strong  as  white  rope  of  equal  weight; 
that  the  tar  diminishes  the  strength  of  the  rope  with  time  and 
makes  the  tarred  rope  less  durable  than  white  rope ;  the  same 
author  states  that  saturating  cordage  with  fat  or  oil  weakens  it 
without  increasing  its  durability.  Tar  is  now  carefully  purified, 
so  that  it  is  not  so  destructive,  and  machine-made  ropes  are  more 
constant  in  strength;  the  immediate  effect  of  tar  on  rope  has 
probably  been  exaggerated,  but  there  can  be  no  doubt  that  care- 
fully prepared  it  acts  as  a  preservative.     The  quantity  of  tar  by 
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■weight  varies  between  15  and  21  per  cent,  of  the  weight  of  the 
hemp.  White  ropes  being  more  flexible  are  perferred  to  tarred 
when  required  to  pass  over  pulleys.  In  India  Manilla  ropes  are 
used,  they  are  about  as  strong  as  tarred  hemp,  and  are  more  dur- 
able than  untarred  hemp ;  they  are  often  saturated  with  a  pre- 
servative, probably  some  stable  fatty  derivative  from  petroleum. 
Authorities  differ  very  widely  in  stating  the  strength  of  ropes. 
Rankine  states  "hempen  ropes"  have  a  tenacity  from  12,000 
to  16,000  lbs.  per  square  inch,  these  are  presumably  untarred; 
he  states  the  strength  of  a  1-inch  hawser  at  1,050  lbs.,  equal  to 
about  13,000  lbs.  per  square  inch.  Glyn's  old  ropemaker's  rule 
gives  5,622  lbs.,  *his  is  for  hand-made  rope;  Morin  states  the 
French  rule  for  tarred  cordage  is  6,150  lbs.;  Captain  Huddart's 
experiments  gave  7,293  lbs.  for  a  3-inch  and  5,473  lbs.  for  an 
8-inch  rope  hand-made  of  common  hemp,  and  the  tenacity  of  ropes 
of  the  same  sizes  of  Petersburg  hemp  were  8,710  and  6,500  lbs. 
respectively ;  machine-made  ropes  were  stronger — e.  g.,  3-inch 
tarred  cold  12,155  lbs.,  tarred  hot  12,480  lbs.,  8-inch  cold  register 
10,660  lbs,,  hot  12,480  lbs.;  Navier's  experiments  gave  for  a 
cord  rather  above  1*6  inches  13,514  lbs.,  for  a  2-1-inch  rope 
12,092  lbs.,  for  a  6'68Tinch  rope  the  strength  was  only  6,899  lbs., 
intermediate  sizes  gave  intermediate  results;  the  mean  of  the 
series  of  experiments  was  9,947  lbs.  per  square  inch.  Mr. 
Anderson  {Strength  of  Materials)  states  the  strength  of  ropes  is 
usually  considered  be  be  about  6,400  lbs.  per  square  inch;  this  is 
a  high  value  for  hand-made  rope,  but  too  low  for  machine-made 
rope  generally  used,  nor  is  it  generally  accepted,  as  appears  from 
the  above  authorities.  The  same  writer  states  the  results  of 
recent  experiments  made  at  "Woolwich  were  from  9,874  lbs.  in  a 
9-inch  to  10,783  lbs.  in  a  2-inch  rope.  Considerable  difference 
in  strength  was  found  to  exist  in  ropes  cut  from  the  same  coil, 
the  actual  tenacity  of  4-inch  ropes  varied  from  5|  to  7^f  tons, 
6-inch  ropes  from  14 J  to  17  tons,  and  9-inch  ropes  from  25  to 
29iJ-  tons.  After  being  used  the  strength  of  an  apparently  good 
6-inch  Italian  hemp  rope  was  10-75  tons,  that  of  a  similar  new 
rope  was  14-25  tons;  an  old  6-inch  Russian  hemp  rope  broke  with 
5-5  tons,  a  similar  new  rope  with  11-25  tons.  The  great  differ- 
ences in  the  above  figures  are  explained  by  the  ropes  being 
very  different  in  quality,  some  were  machine-made,  others  hand- 
made, some  of  the  ropes  (or  the  hemp  composing  them)  had  been 
in  store,  others,  as  in  Captain  Huddart's  experiments,  were  quite 
fresh.  Captain  Huddart's  results  are  the  mean  of  three  hundred 
experiments,  and  the  values  obtained  for ,  hand-made  rope  are 
confirmed  by  other  authorities ;  for  the  machine-made  ropes  the 
values  approach  those  adopted  by  Professor   Rankine.      The 
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strength  of  new  hand-made  rope  varies  with  its  size :  if  of  good 
quality  it  is  about  6,000  lbs.  per  square  inch  for  7  or  8-inch  rope 
and  may  be  8,000  lbs.  for  a  2  or  3-inch;  machine-made  ropes 
tarred  cold  10,000  to  12,000  lbs.,  tarred  hot  the  strength  is  very 
constant  and  about  12,000  lbs.;  white  rope,  machine-made,  above 
12,000  lbs.,  attaining  the  values  given  by  Professor  Rankine. 
The  above  refers  to  hawser-laid  rope,  the  most  solid  kind  of  rope 
made ;  three  hawsers  laid  together  left-handed  form  a  cable.  By 
reason  of  the  interstitial  spaces  being  proportionately  greater,  if 
the  completed  cable  be  measured  the  tenacity  calculated  on  this 
measurement  will  be  proportionately  less  than  that  of  the  hawsers 
taken  separately ;  thus  the  tenacity  of  cables  is  about  9,000  lbs. 
per  square  inch  calculated  on  their  girth.  Shroud-laid  rope  is 
composed  of  four  strands  laid  on  a  central  heart  or  core.  The 
above  figures  apply  only  to  new  ropes  made  with  new  hemp  of 
good  quality;  if  the  hemp  be  kept  in  Store  before  or  after  being 
made  into  rope,  there  is  rapid  deterioration,  ropes  which  have 
been  long  in  store  should  therefore  be  tested  before  use;  a  per- 
fectly new  3£-inch  white  rope  which  had  been  sometime  in  store 
in  India  kept  dry,  but  exposed  to  the  light,  broke  with  at  most 
one-seventh  of  its  ultimate  load  when  fresh.  If  common  hemp  be 
used  the  above  values  must  be  reduced.  Ropes  should  be  kept  dry 
and  in  the  dark,  they  should  be  aired  periodically;  if  on  opening 
the  strands  the  centre  smells  musty  and  appears  discoloured,  the 
rope  is  damaged.  To  test  a  rope  entire  is  difficult,  requiring 
great  weights  or  heavy  machinery;  about  a  yard  should  be  cut 
out  and  several  of  the  inside  and  outside  yarns  tested  by  using 
them  separately  to  suspend  a  weight.  In  testing  ropes  supplied 
by  contract  the  inner  yarns  should  be  most  carefully  tested,  and 
the  piece  cut  out  should  not  always  be  from  the  end  but  prefer- 
ably from  the  middle  of  a  coil.  All  doubtful  ropes  should  be 
tested,  and  ropes  taken  from  store  should  be  tested  before  use 
for  heavy  loads.  Hopes  deteriorate  rapidly  in  iise,  probably  from 
injury  to  the  outside  by  friction,  cutting,  &c.  Italian  hemp  is 
somewhat  stronger  than  Russian,  white  Manilla  rope  is  about 
25  per  cent  weaker  than  hemp ;  best  quality  hemp  is  20  per  cent, 
stronger  than  common  staple  hemp.  Jute  is  sometimes  used  as 
rope,  often  roughly  made  up  by  hand ;  it  is  very  inferior  in 
strength  and  durability  to  hemp.  Cocoa-nut  fibre  termed  coir 
is  also  used  for  rope ;  this  rope  is  very  inferior  in  strength,  but 
is  very  elastic  and  durable  when  exposed  to  wet,  therefore  it  is 
much  used  for  cables.  Ropes  are  proved  to  half  their  ultimate 
tenacity,  and  worked  to  half  their  proof  strength  for  a  dead  load. 
Mr.  Anderson  states  the  factor  of  safety  is  5  as  the  results  of  the 
Woolwich  experiments.     If  the  rope  be  tested  and  new  4,  and 
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after  use  for  a  short  time  5,  should  he  used;  if  the  rope  he  worn 
or  otherwise  injured  full  allowance  must  be  made  for  such, 
deterioration,  the  rope  being  tested  occasionally;  the  factor  for  a 
live  load  should  he  10.  Ropes  are  joined  by  a  long  or  short 
splice,  the  former  is  used  when,  the  rope  has  to  reeve  through  a 
block ;  a  short  splice  is  also  used  to  make  an  eye  on  the  end  of  a 
rope,  in  which  case  it  is  termed  an  eye-splice.  The  ends  of  ropes 
should  be  served  with  yarn  or  thin  wire  by  means  of  a  serving 
mallet  to  prevent  the  rope  opening  and  wasting.  The  tools  used 
for  splicing  and  serving  rope  are  the  marline  spike  and  serving 
mallet;  serving  and  splicing  are  best  learned  from  personal 
instruction ;  joins*  and  eyes  in  tackle  ropes  should  be  spliced,  as 
knots  are  apt  to  catch  the  plies.  The  best  knots  are  those 
which  do  not  jam  (as  they  are  readily  untied),  and  yet  do  not 
slip  when  strained;  as  knots  in  thick  ropes  cannot  be  drawn 
tight  they  may  be  hammered  close  with  a  mallet,  and  the  end 
shoiild  be  secured  to  the  rope  with  yarn.  Long  ropes  should 
not  be  unnecessarily  cut,  as  they  cannot  be  joined  again  as  before. 
371.  Line  wires  are  held  and  attached  to  straining  tackle  by 
claws,  eccentric  tools,  or  a  kind  of  vice ;  the  leverage  of  the 
claws  being  short,  they  are  liable  to  slip  under  considerable 
loads.  Both  the  ordinary  claws  and  the  vice  injure  the  zinc 
coating  of  the  wire;  draw-tongs  with  the  jaws  guarded  by  pieces 
of  hard  wood  would  probably  be  found  an  improvement  on  the 
patterns  in  general  use.  In  India  rope  stoppers  are  generally 
preferred ;  they  do  not  injure  the  wire  nor  slip,  but  they  take 
a  longer  time  to  adjust  than  the  vice  or  claws.  Rope  stoppers 
are  of  two  kinds :  that  most  generally  used  is  a  piece  of  rope  3  or 
4  feet  long,  one  end  is  served  with  yarn  or  wire,  the  other  end 
has  an  eye-splice  in  which  to  insert  the  hook  of  the  straining 
tackle ;  the  rope  used  is  generally  3^"  tarred  rope.  This  stopper 
is  used  by  partly  untwisting  the  rope  and  laying  the  wire 
between  the  strands  forlj  to  2  feet,  securing  the  ends  of  the 
stopper  to  the  wire  with  thin  wire  or  yarn.  The  other  kind  of 
rope  stopper  is  only  used  when  the  rope  at  hand  is  too  thin  for 
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Fig.  67. 

the  first  kind,  as  it  takes  longer  to  adjust  and  is  more  liable  to 
slip ;  this  is  made  by  doubling  a  piece  of  rope  and  putting  on  a 
serving  of  wire  or  yarn  round  the  double  rope  near  the  bight ; 
this  stopper  is  applied  as  shewn  in  fig.  67,  by  being  crossed 
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alternately  over  and  under  the  wire  AB;  it  is  secured  to  the 
wire  at  several  of  the  places  where  it  is  crossed  with  yarn  or 
wire,  and  the  tackle  hook  is  inserted  in  the  bight  C.  For  rope 
stoppers  3^-inch  tarred  rope,  for  ordinary  straining  tackle  2^- 
inch,  and  for  light  portable  tackle,  used  only  occasionally  for 
repairing  lines  broken  by  accident,  l^-inch  white  ropes,  are 
sizes  found  convenient  in  practice ;  each  length  of  rope  for 
ordinary  straining  purposes  is  40  to  50  yards.  The  sizes  of 
ropes  given  above  are  for  straining  heavy  wires,  as  No.  4  or  even 
larger,  but  the  size  may  be  reduced  when  the  line  wires  are  all 
thin,  as  Nos.  9  to  12.  The  blocks  used  together  are  either  one 
single  and  one  double,  termed  a  luff-tackle  purchase,  or  one 
double  and  one  triple,  termed  a  gun-tackle  purchase — the  ply  of 
rope  hauled  on  is  termed  the  tackle  fall ;  the  former  tackle  is 
lighter,  and  should  be  used  when  portability  is  of  importance 
with  the  thin  rope,  the  advantage  in  power  is  about  3 ;  the 
second  tackle  has  the  advantage  of  preventing  the  line  being 
strained  in  jerks,  and  the  advantage  in  power  is  5.  Tackle 
should  be  hauled  on  steadily  and  not  in  jerks ;  it  is  often  very 
difficult  to  get  this  in  India  with  coolies,  hence  the  gun-tackle  • 
purchase  is  preferred ;  in  Europe,  with  more  skilled  labour,  the 
lighter  and  quicker  tackle  should  be  preferred.  For  hauling  up 
wires  at  terminal  posts  a  winch  with  a  ratchet  is  commonly 
used ;  a  short  length  of  rope,  chain,  or  strap  winds  round  the 
barrel,  and  carries  a  vice  or  claws  to  seize  the  wire;  in  India 
the  ordinary  tackle  is  more  generally  employed,  but  the  winch  is 
more  convenient  for  town  lines,  particularly  when  the  wires  are 
thin  and  numerous. 

372.  The  largest  timber  mast  necessary  to  raise  in  one  piece 
does  not  exceed  70  to  80  feet  in  length,  but  standing  masts 
seldom  exceed  60  feet ;  sheet-iron  masts  exceeding  60  feet  in 
length  are  seldom  raised  in  one  piece.  Timber  masts  are  more 
difficult  to  raise  than  iron  ones,  because  the  timber  mast  is  not 
only  usually  heavier,  but  the  matter  in  it  is  distributed  over  its 
whole  length,  whereas  in  an  iron  mast  the  base  is  usually  cast 
iron,  and  a  large  proportion  of  the  weight  of  the  mast  is  hence 
concentrated  in  the  lowest  part.  In  erecting  telegraph  masts 
heavy  blocks  and  thick  ropes  should  be  dispensed  with  as  much 
as  possible;  they  are  expensive  to  purchase  and- carry,  not  gen- 
erally useful,  and  the  ropes  deteriorate  with  keeping;  smaller 
rope  in  a  greater  number  of  plies  should  be  substituted  when 
practicable.  Masting  shears  cannot  be  carried,  if  necessary 
temporary  shears  must  be  made  on  the  spot ;  neither  capstans, 
windlasses,  nor  crab  winches  are  usually  obtainable,  hence  it  is 
necessary  to    work    safely    and    efficiently    with    very   simple 
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appliances.  In  raising  a  mast  the  lifting  force  required  should 
be  reduced  by  avoiding  to  lift  the  foot  of  the  mast  off  the 
ground  ;  in  masting  a  ship  it  is  necessary  to  lift  the  mast  clear, 
but  the  heel  of  a  telegraph  mast  need  not  be  lifted  from  the 
ground,  'while  if  the  mast  to  be  raised  be  of  iron  with  a  cast- 
iron  base,  the  extra  weight  of  the  foot  may  be  made  to  assist  in 
raising  the  mast.  If  an  iron  mast  has  to  be  built  up  in  small 
pieces,  the  pieces  are  usually  tubes  with  angle  iron  flanges,  and 
bolts  through  the  flanges  are  used  to  fasten  the  pieces  together ; 
in  this  case,  after  the  hole  has  been  dug  and  the  foundation  pre- 
pared, the  cast-iron  ground  tubes  are  lowered  into  the  pit  by 
means  of  a  derricl?  erected  a  short  distance  from  the  hole,  the 
top  of  the  derrick  being  over  the  hole.  A  derrick  consists  of  a 
single  spar  of  suitable  length,  seldom  exceeding  about  30  feet, 
inclined  slightly  from  the  vertical,  and  held  by  three  ropes 
fastened  to  its  head ;  one  termed  the  stay  in  the  plane  of  the 
spar  prevents  the  spar  falling  in  the  direction  of  its  inclination, 
the  others  are  termed  guys,  and  are  fastened  in  a  line  passing 
under  the  head  of  the  spar,  and  at  right  angles  to  a  line  from  the 
foot  of  the  spar  to  the  anchor  of  the  stay  ;  the  derrick  is  used  by 
hanging  a  tackle  from  its  head,  the  head  may  be  moved  by 
hauling  on  one  guy  and  slacking  away  the  other,  but  this  motion 
is  not  required  when  lowering  small  weights  into  a  hole.  The 
derrick  is  generally  used  for  weights  up  to  about  a  ton,  but  is 
also  sometimes  used  for  greater  weights.  The  stay  rope  should 
be  anchored  a  considerable  distance  from  the  spar;  the  foot 
should  be  secured  from  slipping  by  being  placed  in  a  hole,  and 
should  not  be  so  near  the  edge  of  the  foundation  pit  as  to  crack 
the  soil ;  if  the  latter  is  feared  the  pressure  should  be  distributed 
by  planks.  A  gyn  or  gin  consists  of  a  spar  standing  vertical, 
and  kept  so  by  four  guy  ropes  from  its  head,  anchored  a  con- 
siderable distance  from  the  spar,  the  anchors  being  at  the 
corners  of  a  square  of  which  the  foot  of  the  spar  is  at  the 
centre  ;  this  arrangement  is  very  useful  for  raising  small  masts, 
and  for  lifting  the  pieces  when  building  large  masts.  When  an 
iron  mast  has  been  built  above  the  ground  level  it  should  be 
continued  as  far  as  possible  by  means  of  the  gyn  resting  on  the 
ground,  the  spar  is  then  raised  by  means  of  a  tackle  attached  to 
its  heel  anc.  to  the  upper  part  of  the  completed  portion  of  the 
mast,  the  spar  of  the  gyn  becomes  a  kind  of  temporary  topmast ; 
as  the  mast  is  built  the  spar  is  raised,  until  the  mast  is  com- 
pleted. In  the  manner  described  large  masts  are  built  without 
scaffolding,  and  at  far  less  expense  than  they  could  be  raised  in 
one  piece ;  as  the  spar  is  raised  the  guys  have  to  be  gradually 
loosened,  but  in  all  cases  rope  lashings  should  be  put  on  to 
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prevent  the  gyn  spar  toppling  over  while  being  lifted,  the  guys 
alone  should  never  be  relied  on ;  the  fall  from  the  lifting  tackle 
should  reeve  through  a  snatch  block  near  the  ground,  that  the 
men  may  haul  horizontally  and  keep  from  under  the  load  lifted. 
Chain  or  rope  lashings  may  be  used  to  support  the  spar  and 
attach  it  to  the  mast  "while  the  pieces  of  the  mast  are  being 
raised,  but  wrought -iron  clamps  are  more  convenient ;  these 
clamps  consist  each  of  two  rigidly  connected  rings  in  the  same 
plane;  the  rings  are  closed  by  screwed  bolts  that  they  may  be 
tightened  round  the  mast  and  spar  respectively ;  two  clamps  are 
used  at  a  time,  placed  a  short  distance  apart ;  the-  lower  acts  as 
the  trees,  and  the  upper  as  the  cap  to  the  standing  mast.  Each 
piece  Of  the  mast  as  raised  has  two  light  girt-lines  attached  to 
it,  to  enable  men  on  the  ground  to  keep  it  clear  while  ascend- 
ing, and  guide  it  into  its  place  when  raised  high  enough.  When 
a  mast  has  to  be  raised  in  one  piece  it  may  be  done  economically 
in  the  following  manner  : — The  foundation  pit  being  dug  and  the 
foundation  prepared,  a  cutting  or  trench  should  be  made,  opening 
at  one  end  into  the  pit ;  this  cutting  should  be  very  little  wider 
than  the  diameter  of  the  foot  of  the  mast,  its  sides  should  be 
as  nearly  perpendicular  as  the  nature  of  the  soil  will  allow,  and 
its  bottom  should  sldpe  at  an  angle  of  about  45°  down  to  the 
level  of  the  bottom  of  the  pit.  The  heel  of  the  mast  to  be  raised 
should  be  laid  over  the  trench,  its  end  being  just  within  the  pit; 
if  the  mast  be  a  light  sheet  iron  one  with  heavy  cast-iron  ground 
tubes,  then  the  cast-iron  part  should  be  supported  by  pieces  of 
timber  placed  across  the  trench  until  the  mast  is  about  to  be 
raised.  Four  guy  ropes  are  attached  to  the  head  of  the  mast ; 
these  are  carried  to  strong  pickets,  anchors,  or  trees,  which, 
should  be  at  a  considerable  distance  from  the  pit ;  two  should  be 
in  the  common  direction  of  the  trench  and  the  mast  as  it  lays  on 
the  ground,  and  two  should  be  in  a  line  at  right  angles  to  this 
direction,  passing  through  the  centre  of  the  pit ;  to  the  line 
passing  to  the  side  of  the  pit  opposite  to  the  trench,  a  strong 
tackle  is  attached  to  raise  the  mast  when  it  has  been  lifted  by 
other  means  to  a  considerable  angle  with  the  ground.  It  is 
necessary  to  fix  the  heel  of  the  mast  to  prevent  it  from  falling 
forward  suddenly  into  the  hole,  and  to  so  control  its  descent 
as  to  place  it  in  the  centre  of  the  pit;  this  is  best  done  by 
strong  rope  attached  to  the  heel  of  the  mast,  the  ends  being 
wound  two  or  three  times  round  two  strong  pickets  placed 
one  at  each  side  of  the  trench,  but  a  short  distance  from 
it,  in  strong  ground.  Having  made  the  above  arrangements,  the 
mast  is  raised  by  the  head  by  any  of  the  means  described  below; 
when  partly  raised  it  has  a  tendency  to  slip  into  the  hole,  the 
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ropes  attached  to  the  foot  are  held  and  gradually  slackened,  so  as 
to  cause  the  heel  to  fall  exactly  into  the  centre  of  the  hole  ;  the 
side  guys  are  kept  fast  as  the  mast  is  raised  ;  when  the  top  of 
the  mast  is  high  enough,  the  tackle  attached  to  the  front  guy 
rope  is  used  to  complete  the  raising,  it  is  hauled  on  gradually 
■while  the  opposite  guy  is  gradually  slackened,  the  pit  should  be 
at  least  half  filled,  and  then  by  means  of  the  guys  the  mast  may 
be  placed  truly  perpendicular.     The  mast  may  be  raised  the  first 
stage  by  any  of  the  following  means  : — If  light,  particularly  if  of 
sheet  iron  with  a  cast-iron  ground  tube  which  partly  balances 
the  wrought-iron  tubes,  hand  shears  may  be  used;  these  are  com- 
monly used  in  India  when  bamboos  are  readily  procurable,  they 
are  made  of  two  bamboos  or  other  light  strong  wood,  tied  together 
near  one  end,  and  crossing  each  other  like  the  blades  of  a  pair  of 
scissors — six,  eight,  or  more  pairs  of  sticks  are  so  tied,  varying  in 
length,  from  about  4  feet  to  perhaps  30  or  40  feet ;  the  smallest 
shears  are  placed  like  trestles  under  the  end  of  the  mast,  these 
are  pushed  towards  the  foot  of  the  mast  as  larger  shears  are  in- 
troduced, until  several  pairs  are  under  the  mast ;  two  men  hold 
each  stick,  and  as  some  lift  others  push  their  shears  further 
under  the  mast  until  it  is  gradually  lifted.     Light  masts,  up  to 
about  45  feet,  may  be  lifted  entirely  by  hand  shears,  and  in  India 
they  are  generally  raised  in  this  manner,     To  ensure  success  the 
side  guys  should  be  carefully  looked  after  to  prevent  the  mast 
being  pushed  to  one  side,  when  it  might  fall ;  a  full  number  of 
shears  should  be  used,  both  to  support  the  weight  and  because 
they  are  apt  to  break ;  the  lifting  should  be  done  in  short  spells, 
all  the  men  then  work  together  to  the  sound  of  a  whistle  or  the 
voice.     In  America  pike  poles  are  used  instead  of  hand  shears  to 
lift  wooden  masts ;  a  pike  pole  is  simply  a  light  pole  with  an 
iron  spike  at  one  end.     The  mast  to  be  raised  is  pushed  up  by 
means  of  a  number  of  these  poles,  the  spike  being  driven  against 
the  mast  prevents  the  pole  slipping  off;  pike  poles  are  not  so 
safe  as  hand  shears,  and  when  many  men  are  employed  together  the 
pike  pole  is  very  dangerous,  as  the  men  are  obliged  to  keep  close 
under  the  weight  to  be  raised ;  shears  should  always  be  preferred 
when  obtainable.     This  mode  of  raising  a  mast  is  not  suited  to 
very  heavy  masts,  it  then  becomes  dangerous  to  the  men,  but  it 
is  especially  adapted  to  light  iron  masts  likely  to  bend  in  lifting 
if  not  well  supported.     A  light  mast  may  be  raised  by  a  tackle 
attached  to  a  gyn,  this  is  somewhat  more  speedy  and  requires 
fewer  men  than  with  hand  shears ;  it  requires  a  good  spar  and 
a  quantity  of  rope  for  guys;  the  spar  should  not  be  erected  near 
enough  to  the  hole  to  crack  the  earth.     Heavy  masts  are  raised 
by  means  of  shears  or  shear  legs,  these  consist  of  two  stout  poles 


288  PROPERTIES   AND   APPLICATIONS   OP   MATERIALS. 

strongly  lashed  together  near  one  end,  they  are  erected  to  form 
an  acute  angle  over  or  near  the  foundation  pit,  and  are  kept  in 
a  perpendicular  plane  by  two  guy  ropes  from  where  they  cross, 
placed  in  a  plane  perpendicular  to  the  common  plane  of  the  spars; 
a  strong  tackle  is  suspended  from  the  lashing  where  the  spars 
cross,  and  this  tackle  is  used  to  raise  the  mast.     Planks  may 
sometimes  be  used  with  advantage  under  the  spars,  or  the  latter  ' 
may  be  buried  for  a  few  inches  in  the  ground ;  to  economise  rope 
the  proper  permanent  guys  of  the  mast  should  be  attached  before 
the  mast  is  raised,  and  these  should  be  temporarily  lengthened 
with  any  piece  of  rope  available,  so  as  to  serve  as  girt-lines  to 
control  the  motion  of  the  mast  as  it  is  raised  ;  these  lines  should 
be  wound  round  strong  pickets,  and  slacked  away  or  taken  in 
according  to  circumstances.     The  shear  legs  are  raised  by  hand 
shears  or  by  small  shear  legs  ;  the  strength  of  timber  necessary, 
and  the  load  on  a  pair  of  shear  legs  or  a  derrick  pole,  may  be 
calculated  by  formulae  given  in  Part  I.,  Chapter  ii.,  sections  2 
and  6,  and  Chapter  iii.,  section  2 — e.g.,  a  derrick  pole  and  its 
stay    rope  together  supporting  a  weight  presents  a  case  of  the 
triangle  of  forces ;  the  weight  and  the  stresses  on  the  spar  and 
the  stay  balance  each  other,  and  are  related  as  the  sides  of  a  tri- 
angle ;  if  a  pair  of  shears  be  inclined,  this  is  a  similar  case,  the 
two  shear  legs  act  together  as  a  strut  and  are  equally  strained ; 
if  the  shears  be  kept  vertical  the  weight  is  balanced  by  the  equal 
stresses  on  the  legs  ;  the  transverse  leverage  on  an  inclined  spar 
varies  as  the  cosine  of  its  inclination  to  a  horizontal  line,  &c. 
Pickets  for  fastening  ropes  to  should  be  of  stout  wood  and  have 
rather  long  points ;  they  are  best  put  in  by  jumping  a  hole  the 
size  of  the  picket,  and  then  driving  the  latter  with  a  mallet.   Two 
or  more  pickets  may  be  used  connected  by  cord  as  shewn  in  fig. 

68,  tent  pegs  may  be  secured  in 
this  manner  during  storms  ;  or- 
dinary marine  anchors  are  useful, 
but  they  are  not  portable,  and 
hence  are  seldom  at  hand.  To 
avoid  accidents  to  men  engaged 
-p-.a  go  in  using  tackle,  particularly  when 

;  the  men  are  ignorant  coolies  or 

others  unused  to  such  work,  while  the  tackle  is  strained  the  men 
should  be  so  placed  as  to  be  as  safe  as  possible  in  case  of  accident; 
this  rule  should  be  invariably  observed,  and  not  only  when  the 
load  is  very  great,  as  in  lifting  masts  or  straining  river  crossings — 
e.g.,  no  one  should  be  under  a  line  being  tightened,  nor  inside 
the  angle  formed  by  the  line  wires  while  the  tie  of  an  angle  post 
or  the  post  itself  is  being  repaired. 
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Section  II. — Tools  and  Mechanical  Manipulation. 

373.  The  angles  of  cutting  tools  vary  between  about  20°  and 
120°,  being  varied  principally  according  to  the  hardness  of  the 
substance  to  be  cut.    If  the  chip  be  too  rigid  to  bend  as  the  edge 
of  the  tool  proceeds,  the  cleft  will  precede  the  tool,  and  the  sub- 
stance will  be  torn  or  split ;  in  order  that  the  substance  may  be 
cut  the  edge  of  the  tool  must  be  thin  and  sharp,  and  applied  to 
remove  only  a  thin  shaving  at  a  time,  or  it  may  be  guarded  as  in 
the  plane,  in  which  the  edge  of  the  mouth  and  the  top  iron  bend 
the  shaving  and  prevent  it  being  torn  off.    Felling  axes,  choppers, 
hatchets,  bills,  dhsBvs,  and  chipping  chisels,  have  strong  blades 
bevelled  on  both  sides,  they  are  required  to  be  but  moderately 
accurate ;  but  plane-irons,  paring  chisels,  adzes,  gouges,  scissors 
and  shears,  and  generally  tools  required  to  have  accurate  edges, 
are  bevelled  on  one  side  only.      The  object  of  this   in  chisels, 
plane-irons,  and  adzes,  is  that  the  flat  side  of  the  blade  may  be 
used  next  the  substance  to  be  cut,  and  thus  the  angle  between 
the  blade  and  the  material  may  be  more  acute  and  the  shaving 
thinner,  than  if  the  tool  were  bevelled  on  both  sides ;  and  in  all 
single  bevelled  tools,  the  edge  is  much  easier  kept  accurate  by 
grinding,  for  one  surface  being  made  accurate  at  first  and  never 
afterwards  altered,  it  remains  so;  even  if  the  tool  be  badly  ground 
the  edge  can  only  be  made  inaccurate  in  one  plane,  and  that  the 
less  important  one.    For  example,  the  circular  form  of  the  gouge, 
the  inner  surfaces  of  shear  blades,  and  the  flatness  of  the  chisel 
blade,  are  unimpaired  in  the  plane  of  the  incision  by  inaccurate 
grinding;  but  this  would  not  be  so  if  these  tools  were  bevelled  on 
both  sides,  in  that  case  departure  from  the  correct  form  could  not 
ordinarily  be  avoided.    In  unskilful  hands  the  best  felling  axe  is 
a  narrow  bladed  one  with  a  slightly  rounded  rather  thick  edge ; 
to  use  the  wide  axe  with  a  thinner  edge  requires  more  strength 
and  skill,  and  if  clumsily  used  its  edge  is  soon  either  bent  or 
broken.     Axe  blades  should  not  be  so  hard  as  to  break  or  chip. 
Bills  and  dhaws  should  be  heavy,  the  blades  should  not  weigh 
less  than  two  pounds ;  the  centres  of  inertia  and  percussion  should 
be  much  nearer  to  the  end  of  the  blade  than  to  the  handle,  in 
order  to  gain  the  advantage  of  the  centre  of  inertia  being  placed 
far  from  the  axis  round  which  the  instrument  is  swung.     The 
curve  of  the  blade  should  be  continuous,  this  causes  the  edge  to 
enter  the  wood  gradually  and  makes  the  instrument  cut  easily; 
many  bill-hooks  are  improperly  made  straight  in  the  blade  up  to 
near  the  end,  where  they  are  hooked  instead  of  being  curved  from 
the  handle.    The  ordinary  English  bill  is  useless  for  jungle  clear- 
ing— it  is  too  light,  too  thin,  and  badly  shaped.     In  general  the 
best  pattern  axe  or  bill  is  that  the  men  are  used  to — e.  g.,  in 
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India  the  native  patterns  should  be  preferred  for  the  natives ;  but 
the  native  made  tools  have  very  little  steel  in  them,  and  they 
are  soon  worn  out  by  sharpening — they  should  be  made  to  order 
under  strict  supervision.  For  cutting  high  jungle  grass  the 
most  economical  tool  is  the  sickle,  an  instrument  with  fine  teeth, 
acting  like  a  fine  saw.  Tools  used  for  clearing  forest  or  jungle 
are  frequently  lost,  for  if  laid  down  by  the  men  they  are  difficult 
to  find  ;  they  are  easier  found  if  the  handles  are  painted  a  bright 
red.  When  a  large  number  of  men  are  required  to  cut  jungle 
many  villagers  can  generally  be  engaged  to  bring  their  own  tools, 
but  these  are  sometimes  bad,  and  a  small  supply  of  clearing  tools 
is  necessary  in  all  cases.  In  England  and  France  an  eccentric 
cutter  fixed  on  a  long  rod  and  worked  by  a  line  is  used  to  cut 
small  branches  of  trees  touching  line  wires,  such  an  instrument  is 
only  necessary  in  towns.  A  small  bill-hook  firmly  lashed  to  a 
rod  serves  this  purpose  very  well.  Tools  for  wood  are  bevelled  at 
angles  usually  between  20°  and  45°,  according  to  the  hardness  of 
the  wood  to  be  worked  and  the  manner  of  working  it ;  paring 
chisels  and  gouges  are  bevelled  to  about  30°,  plane-irons  35°.  The 
bed  in  planes  is  the  surface  on  which  the  iron  li^s,  the  angle  of 
this  bed  with  the  face  in  bench  planes  is  45°  or  common  pitch 
for  deal  and  other  soft  woods,  and  50°  or  York  pitch  for  hard  or 
stringy  woods ;  for  box  and  ivory  the  iron  may  be  vertical  or 
slightly  forward,  the  angle  being  increased  as  a  general  rule  with 
the  hardness  of  the  material.  Most  wood  may  be  planed  better 
from  one  end  than  from  the  other;  this  fact  should  not  be  over- 
looked when  shifting  the  wood  or  turning  it  over  while  planing 
it.  A  most  useful  chisel  in  telegraph  work  is  the  mortise  chisel, 
it  is  thicker  and  stronger  in  the  blade  than  the  paring  chisel,  and 
has  an  iron  socket  into  which  a  wooden  haft  is  fitted  to  deaden 
the  blows  of  the  mallet  used  to  drive  it ;  this  chisel  is  useful  for 
cutting  mortises  in  making  ladders  and  letting  fittings  into 
wooden  poles,  it  has  a  more  obtuse  bevel,  and  consequently  a 
stronger  edge  than  the  paring  chisel,  but  is  liable  to  be  chipped, 
being  generally  too  hard ;  it  should  therefore  be  lowered  in  temper 
as  a  rule.  The  chisel  is  commonly  used  with  the  bevel  from  the 
freshly  cat  surface.  Cutting  tools  for  turning  woocLhave  angles 
from  30°  to  45°,  tools  for  cutting  iron  from  60°  to  70°,  for  gun- 
metal  and  brass  80°  to  90°. 

374.  Scissors  and  shears  for  soft  flexible  materials  have  edges 
commonly  90°,  seldom  less  than  60°;  the  blades  should  be  curved 
and  not  straight;  they  may  be  loose  when  at  right  angles  to  each 
other,  but  should  begin  to  cut  near  the  joint,  they  should  not  be 
loose  when  they  are  sufficiently  closed  to  cut,  and  they  should 
leave  the  cut  edges,  exact.  Shears  for  metal  act  somewhat  differ- 
ently from   scissors,   they  force  the  material    asunder;   their 
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edges  are  more  obtuse  than  those  of  scissors,  and  are  seldom  more 
acute  than  80°;  they  commonly  have  straight  blades.  It  is  of 
primary  importance  that  the  edges  of  scissors  and  shears  meet, 
as  if  they  are  separated  the  labour  is  enormously  increased,  the 
material  is  torn,  it  gets  between  the  blades,  becomes  jammed,  and 
with  metal  shears  the  bar  or  plate  is  tilted  and  the  shears  are 
strained,  or  perhaps  broken.  In  working  India-rubber  or  gutta- 
percha, bent  scissors  should  be  preferred;  to  cut  India-rubber 
they  should  be  used  wet,  but  for  gutta-percha  they  are  only 
required  to  be  wet  when  the  material  to  be  cut  is  soft. 

375.  Cutting  tools  are  sharpened  on  the  grindstone  to  remove 
the  greater  part  of  the  material,  and  tools  for  working  the  softer 
materials,  and  finishing  tools  for  metals,  are  finished  on  the  oil- 
stone; but  cutting  tools  for  iron  are  not  usually  finished  on  the 
oil-stone,  because  although  the  edge  cuts  better,  it  is  not  so 
durable.  Tools  for  brass  and  gun-metal  are  always  finished  on 
the  oil-stone,  because  otherwise  they  drag.  Finishing  tools  are 
sometimes  burnished.  The  grindstone  should  turn  truly  and 
should  not  be  suffered  to  wear  eccentric,  should  it  become  so  it 
must  be  made  true;  for  grinding  large  flat  surfaces  the  stone 
should  be  of  large  radius,  otherwise  the  surfaces  will  be  ground 
sensibly  concave.  The  oil-stone  should  be  worn  equally  to  keep 
it  flat,  but  if  it  wear  unequally  its  surface  must  be  levelled  by 
rubbing  it  down  on  a  stone  or  iron  plate;  the  oil  used  should 
not  be  of  a  kind  likely  to  deposit  resinous  matter  on  the  stone. 
The  grindstone  may  turn  to  or  from  the  edge  of  the  tool ;  the 
former  is  preferred  when  practicable,  as  the  latter  causes  the 
extreme  edge  of  the  tool  to  be  wired — i.  e.,  to  curl  up  away  from 
the  stone.  Tools  are  always  held  with  the  edge  to  be  ground 
across  the  edge  of  the  stone  and  parallel  to  its  axis,  because  by 
this  means  the  edge  of  the  tool  is  ground  concave  to  the  radius 
of  the  stone,  in  which  condition  it  is  better  shaped  for  finishing 
on  the  oil-stone,  and  for  wood  tools  this  slight  concavity  makes 
them  cut  better;  but  broad  flat  surfaces  are  moved  quickly  to 
and  fro  across  the  stone  to  prevent  them  being  ground  concave — 
a  result  readily  produced  if  the  tool  be  kept  at  rest  on  the  stone. 
The  tool  should  be  held  at  the  same  height  on  the  stone  while 
being  ground,  if  this  be  not  attended  to  more  than  one  facet 
will  be  produced ;  for  the  same  reason  the  tool  must  be  held  at 
the  same  inclination  during  the  whole  operation  of  grinding. 
The  stone  is  sometimes  turned  from  the  operator  for  convenience 
when  grinding  tools  of  peculiar  forms;  this  is  the  case  frequently 
when  grinding  the  sides  or  edges  of  rectilineal  tools,  and  occa- 
sionally in  grinding  pointed  tools.  When  the  edge  of  a  tool  has 
to  be  finished  on  the  oil-stone,  the  angle  of  the  edge  given  by  the 
grindstone  is  less  than  in  the  finished  tool ;  this  defect  in  metal 
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and  hard  material  tools  is  about  2°,  the  two  facets  thus  given 
are  distinguished  with  difficulty;  in  tools  for  soft  materials  the 
difference  is  10°,  and  the  facets  are  very  distinct. 

376.  In  boring  tools,  as  the  velocity  is  slower  the  angles  are 
more  obtuse  than  in  turning  tools,  and  in  boring  metals  oil  or 
water  is  more  necessary  with  the  lower  than  with  the  higher 
velocity.  In  boring  holes  for  a  screw  to  fasten  two  pieces  of 
wood  together,  the  screw  should  not  be  tight  in  the  upper  piece. 
In  boring  bolt-holes  in  metal  the  holes  are  made  slightly  larger 
than  the  bolt,  this  excess  is  technically  termed  drift ;  rivet-holes 
are  made  generally  -^  inch  to  Jj-  inch  larger  than  the  nominal 
size,  to  allow  the  rivet  to  pass  when  red-hot.  Thin  plates  are 
more  readily  punched  than  drilled,  but  holes  of  diameter  less 
than  the  thickness  of  the  plate  must  be  drilled;  machine  punches 
and  hand  punches  up  to  half  an  inch  are  made  solid  for  iron 
unless  very  thin,  hand  punches  exceeding  ^-inch  diameter  should 
be  hollow.  The  best  mode  of  punching  a  hole  by  hand  is: 
firstly,  to  place  the  sheet  to  be  punched  on  an  anvil  or  other 
hard  surface,  and  give  the  punch  two  or  three  smart  blows,  then 
remove  the  work  to  a  sheet  of  lead,  when  a  smart  blow  will 
drive  out  the  piece  hardened  by  the  first  operation;  the  surface 
of  a  punch  should  be  kept  flat  and  its  edges  sharp. 

377.  Wire  nippers  have  edges  which  meet,  and  they  do  not 
cut  keenly  like  shears  or  scissors,  the  best  angle  for  the  cutting 
edges  is  30°  to  40°;  they  should  not  be  used  for  hard  wire,  nor 
wriggled  while  in  the  wire,  as  the  edges  are  thereby  notched. 
If  they  do  not  readily  cut  they  may  be  applied  a  second  time  to 
cut  a  notch  at  right  angles  to  the  first  one  but  in  the  same  plane; 
the  nose  of  the  pliers  and  not  the  blades  should  be  used  to  break 
the  wire  when  not  cut  through.  A  less  common  kind  of  wire 
nippers  than  that  described  above  has  edges  which  pass  each 
other  like  metal  shears,  and  bevelled  to  90°;  these  are  better 
suited  to  telegraph  purposes,  being  less  liable  to  be  injured  by 
iinskilful  use.  Tor  office  use  and  for  cutting  copper  wires  small 
pliers  are  suitable,  but  for  line  work,  large  (about  10-inch)  cut- 
ting and  holding  pliers  are  necessary. 

378.  The  pitch  of  a  saw  is  the  inclination  of  the  front  face  of 
the  tooth,  or  that  surface  up  which  the  sawdust  ascends;  when 
the  teeth  are  upright  they  are  said  to  have  no  pitch;  the  degree 
of  coarseness  refers  to  the  number  of  teeth  to  the  inch.  The 
generic  angle  for  saw  teeth  is  60°,  but  with  the  same  angle  the 
pitch  may  be  varied,  as  also  the  form  of  the  teeth,  as  they  may 
be  deep  or  flat  and  far  apart;  as  the  teeth  are  formed  alike,  the 
angles  of  the  points  of  the  teeth  are  equal  to  the  angles  of  the 
furrows.  As  in  cutting  tools,  the  angles  of  saw  teeth  are,  as  a 
rule,  more  acute  the  softer  the  material  to  be  cut;  saws  for  metal 
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have  usually  upright  shallow  obtuse  teeth.  Saws,  as  a  rule,  and 
metal  saws  invariably,  should  be  lubricated  with  tallow  or  oil. 
A  bar  being  sawn  across  should  not  be  supported  at  two  points, 
one  on  each  side  of  the  saw  cut,  as  in  this  case  pressure  on  the 
saw  closes  the  cleft  on  the  saw — the  bar  should  be  supported  on 
one  side  only.  Wood  saws  have  the  teeth  bent  alternately  to 
one  side  and  the  other,  this  is  termed  the  set  of  the  saw;  it 
widens  the  cleft  and  causes  the  saw  to  work  freely.  Saws  are 
sharpened  with  a  triangular  file,  and  set  either  with  a  hammer 
or  a  tool  with  a  slit  in  it  to  hold  the  saw  tooth  and  bend  it. 
Some  wood  saws  have  the  edges  of  the  teeth  sharp,  and  present 
surfaces  oblique  to*  the  flat  surfaces  of  the  saw  blade.  Saw 
blades  are  differently  mounted,  thus  the  rip  saw  has  simply  a 
handle,  the  tenon  saw  has  a  brass  back  to  give  stiffness,  and 
there  are  different  kinds  of  frame  saws;  metal  saws  have  thin 
blades,  and  are  stiffened  by  backs  of  brass  like  the  tenon  saw. 
Stone  saws  for  such  stones  as  marble  have  no  teeth,  sand  and 
water  drops  into  the  cleft,  and  the  stone  is  ground  through. 
For  cutting  off  cable  guards  flush,  as  in  splicing,  the  metal  saw 
should  be  used;  the  file  is  generally  used  for  cutting  wire,  but 
it  might  in  many  instances  be  superseded  by  the  saw  with 
advantage. 

379.  Abrading  tools  are  termed  files  when  they  are  double  cut 
— i.e.,  the  furrows  and  ridges  are  in  two  sets  crossing  each  other, 
when  single  cut  they  are  termed  floats,  and  when  the  roughened 
surface  is  not  produced  by  lines  but  by  points,  rasps;  floats  and 
rasps  are  almost  exclusively  used  for  woods  and  soft  materials, 
but  floats  are  used  for  cleaning  metals  for  soldering.  Ordinary 
files  are  :  Lancashire  of  four  degrees  of  fineness — viz.,  rough, 
bastard,  smooth,  and  superfine;  and  Sheffield  of  four  degrees — 
viz.,  rough,  bastard,  second  cut,  and  smooth;  rasps  and  floats  are 
simply  coarse  or  fine.  In  all  these  tools  the  fineness  of  each 
kind  is  not  fixed  but  varies  with  the  length,  long  tools  of  each 
kind  being  coarser  than  shorter  ones  of  the  same  kind.  Piles 
are  made  of  different  cross  sections,  the  commonest  being  termed 
triangular,  half-round,  and  round;  a  kind  having  a  T-shaped 
section  is  very  acute  on  the  edge,  and  is  termed  a  knife  file, 
these  files  are  2  to  7  inches  long,  and  may  be  used  with  advan- 
tage for  cutting  wires  instead  of  the  triangular  file.  Floats  and 
rasps  are  most  commonly  flat  or  half-round  in  section ;  tools 
termed  half-round  are  not  semi-circular  in  section,  they  are 
usually  a  much  flatter  curve.  Sometimes  an  edge  of  a  file  is 
left  uncut  to  rest  against  a  guide  or  to  allow  of  the  file  being 
used  conveniently  under  certain  conditions,  such  an  edge  is 
termed  a  safe  edge.  Files  are  never  lubricated,  if  greased  they 
do  not  cut;  a  worn  file  which  cuts  badly  cold,  cuts  much  better- 
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•when  heated  by  a  few  seconds  use.  A  flat  float  is  used  for  clean- 
ing wires  to  be  soldered.  Saws  and  files  are  driven  in  rhythmical 
strokes,  they  cut  only  when  moving  forward;  during  this  move- 
ment in  working  metals  considerable  pressure  is  used:  in  all 
cases  pressure  is  exerted  according  to  the  hardness,  brittleness, 
or  other  mechanical  qualities  of  the  material  operated  upon,  and 
in  this  part  of  the  stroke  the  tool  should  be  driven  steadily  in  a 
right  line,  not  tilted  or  rocked,  and  the  pressure  should  be  even 
and  sustained.  In  drawing  the  tool  back  no  pressure  should  be 
exerted,  as  it  wears  down  the  teeth  without  causing  it  to  cut, 
but  the  tool  should  not  be  raised  from  the  contact  with  the  work; 
the  backward  movement  requiring  less  exertion  is  performed 
quicker  than  the  forward  one. 

380.  The  temper  of  axes,  mortise  chisels,  and  files  may  gene- 
rally be  taken  down  with  advantage,  as  they  are  often  so  hard 
as  to  be  unnecessarily  brittle;  if  the  edge  of  an  axe  or  chisel  be 
bent  it  may  be  readily  repaired,  but  if  chipped  it  is  rendered 
useless.  Both  forged  and  rolled  iron  have  usually  a  hard  skin; 
before  applying  expensive  tools  (as  in  screw  cutting)  to  such 
metal  it  is  advisable  to  remove  the  hard  external  metal. 

381.  In  the  axe,  hammer,  mallet,  and  all  tools  required  to  act 
by  percussion,  the  handle  should  be  light  in  order  that  the  centre 
of  percussion  may  be  as  near  as  possible  to  the  centre  of  the 
head.  It  is  usually  stated  that  the  centre  of  percussion  of  the 
axe  should  be  directly  over  and  in  the  plane  of  the  cutting  edge, 
but  as  the  blade  is  symmetrical  about  this  plane  this  condition  is 
always  fulfilled.  Adzes,  phaoras,  and  pickaxes  have  bent  blades 
in  order  that  the  edge  may  move  in  the  path  described  by  the 
centre  of  percussion.  Hammers,  picks,  and  phaoras  should  have 
strong  sockets  3  or  4  inches  deep,  and  almost  cylindrical,  in  order 
that  if  the  handle  be  accidentally  broken  it  may  be  readily 
replaced  by  the  user;  some  axe  handles  are  of  so  complex 
a  shape  that,  if  broken,  they  can  only  be  replaced  by  highly 
skilled  workmen. 

382.  The  strain  on  a  wire  can  only  be  correctly  ascertained  in 
practice  by  means  of  a  spring  dynamometer  similar  to  the  spring 
balances  used  for  weighing;  this  instrument  should  always  be 
used  for  measuring  the  strain  on  important  spans,  as  river 
crossings,  where  it  is  desirable  to  load  the  wire  with  its  full 
working  load  to  obtain  the  minimum  dip.  In  straining  up  ordi- 
nary spans  the  workmen  trust  to  the  eye  alone  to  obtain  the 
correct  dip,  and  they  have  one  or  two  rough  geometrical  methods 
of  measuring  with  the  eye,  but  such  methods  are  of  little  use ; 
the  more  general  use  of  the  dynamometer  would  greatly  reduce 
accidents  from  breakage  of  the  wire,  and  greatly  improve  the 
mechanical  condition  of  the  lines  in  a  most  important  particular. 
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Dynamometers  of  the  kind  alluded  to  are  cheap,  light,  and  effi- 
cient— their  general  use  would  promote  economy;  the  dynamo- 
meter may  be  permanently  fixed  to  the  running  block,  or  a 
lighter  instrument  may  be  applied  to  the  tackle  fall  and  its 
indications  multiplied  by  the  multiplying  power  of  the  tackle. 
Another  mode  of  measuring  the  tension  on  a  wire  is  by  taking 
its  inclination  at  the  insulator  with  a  clinometer,  and  from 
this  and  the  dip,  calculating  the  tension  approximately  (Para- 
graphs 175  and  193).  This  mode  is  very  tedious,  inexact,  and 
unsatisfactory,  compared  with  direct  measurement  of  the  strain 
with  a  dynamometer  ;  the  clinometer  is  the  more  expensive 
instrument,  more  difficult  to  use,  and  it  is  useless  to  uninstructed 
persons,  who  would  find  no  difficulty  in  using  a  dynamometer. 
With  the  dynamometer  and  clinometer  the  dip  may  be  readily 
measured  (Paragraph  193);  when  the  distance  between  the  sup- 
ports and  the  dip  can  be  measured,  as  on  ordinary  land  lines 
over  level  ground,  the  tension  can  be  calculated  (Paragraph  437). 
Wire  cannot  be  strained  fully  unless  the  tension  be  measured, 
for  if  this  be  attempted  the  commonest  result  is,  the  wire  being 
loaded  beyond  its  proof  load  fails  within  a  few  weeks,  generally 
during  a, strong  breeze.  The  dip  of  an  ordinary  span  may  be 
measured  directly  with  a  tape  or  a  light  pole ;  this  is  sometimes 
done  to  check  the  tension.  To  ascertain  if  a  mast  is  truly 
vertical  and  generally  to  test  vertical  lines  and  surfaces,  a  plumb 
rule  is  used;  this  consists  of  a  board  fitted  with  a  plummet,  one 
edge  of  the  board  is  cut  parallel  to  a  line  marked  on  the  board, 
this  true  edge  being  placed  against  the  mast  or  other  body,  the 
plumb  line  coincides  with  the  ruled  line  if  the  surface  tested  is 
vertical.  A  mast  cannot  be  proved  vertical  by  a  line  let  fall 
from  its  top  ;  a  long  line  is  moved  even  by  a  very  light  breeze. 
In  erecting  iron  masts  in  segments  the  upper  surfaces  of  the  seg- 
ments successively  erected  are  tried  over  with  a  spirit  level. . 
The  spirit  level  is  of  general  use  to  test  if  surfaces  be  horizontal. 
For  measuring  the  angles  of  slopes,  as  in  earthwork  and  masonry, 
an  instrument  on  the  same  principle  as  the  plumb  rule  is  used; 
one  surface  or  line  on  which  being  placed  truly  vertical  or  hori- 
zontal by  means  of  a  plumb  line  or  spirit  level,  a  second  surface 
of  the  instrument  gives  the  desired  slope.  For  slight  inclina- 
tions from  the  vertical  the  plumb  rule  is  used,  additional  lines 
being  ruled  on  it  to  give  the  slopes  required.  The  slope  of  earth- 
work for  telegraph  structures  is  not  usually  measured  by  instru- 
ments, it  being  small  in  extent,  and  not  required  to  be  very 
accurate  in  figure.  For  marking  out  and  testing  horizontal  lines, 
as  in  marking  foundation  pits  and  testing  the  bed  joints  in 
masonry,  the  cord  is  used ;  it  is  merely  a  stout  string  fixed  by 
pegs  at  its  extremities.    A  chalked  string  is  used  to  mark  straight 
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lines  on  materials,  as  logs,  planks,  sheet  iron,  &c.  When  a  great 
many  precisely  similar  operations  have  to  be  performed,  as  in 
fitting  brackets  to  poles,  digging  holes,  &c,  a  number  of  simple 
gauges  should  be  made  of  sheet  metal,  plank,  wire,  string,  or 
other  material,  and  served  out  to  each  workman  for  his  use;  this 
plan  is  very  economical,  particularly  when  the  workmen  are  not 
used  to  the  particular  work.  For  measuring  the  sizes  of  wires  a 
plate  iron  or  steel  gauge  is  used,  or  better,  a  gauge  formed  of 
two  straight  edges  placed  in  contact  at  one  end  and  separated  by 
a  small  interval  at  the  other;  the  wire  is  gauged  by  being  slipped 
between  the  straight  edges — its  size  is  then  read  off.  There  are 
several  more  accurate  gauges  formed  of  a  system  of  levers;  these 
are  delicate,  and  applicable  where  great  accuracy  is  required — 
they  are  not  in  common  use.  The  ordinary  plate  gauge  gauges 
sheet  metal  as  well  as  wire,  and  the  thicknesses  of  metal  plates 
are  distinguished  by  the  same  systems  of  numbers  as  wire. 
Ordinary  measuring  rules  for  use  in  hot  climates  are  probably 
best  made  of  metal ;  iron  and  steel  rust  readily  during  the  rainy 
season,  and  should  therefore  be  avoided — boxwood  rules  warp. 

383.  For  holding  and  bending  wire,  and  twisting  wires  together 
in  making  joints  several  ingenious  tools  are  in  use.     The  prin- 
cipal of  these  are — eye-bolts,  for  bending   and  generally  mani- 
pulating thick  wires ;  joint  levers,  joint  holders,  and  joint  hooks, 
for  making  twisted  joints  and  holding  the  wires  while  joining 
them ;  serving  mallets,  for  serving  with  thin  wire ;  and  claws, 
tongs,  and  vices,  for  attaching  straining  tackle  to  wires.     The 
best  form  of  eye-bolt  is  that  shewn  in  fig.  69.     It  is  made  of 
a  piece  of  flat  steel  about  a  quarter  of  an  inch  or  rather 
less  in  thickness,  an  inch  to  an  inch  and  a  half  wide, 
and  about  a  foot  long ;  the  holes  1  2,  and  the  slots  3  4, 
are  used  to  hold  and  bend  the  wire — they  have  rounded 
edges,  and  the  diameter  of  each  hole  and  width  of  each 
slot  is  suited  to  the  diameter  of  the  wire  they  are  in- 
tended to  hold.     The  eye-bolt  figured,  having  four  holes 
and  four  slots,  is  adapted  to  four  sizes  of  wire;  but 
these  sizes  should  not  be  consecutive,  as  a  single  slot 
and  hole  is  sufficient  for  several  sizes  if  consecutive — 
the  slots  should  be  long  enough  to  hold  safely  two  wires 
at  a  time.       An  instrument   for  holding  wires  while 
making  a  joint,  termed  a  Britannia  joint  holder,  is  in 
i  o  ^3,    use  in  India,  but  not  in  general  use  in  practice,  as  it  is 
20  T*    a  very  special  tool  and  somewhat  heavy;  wires  may  be 
\wX      held  by  a  slit  of  the  eye-bolt  or  a   small  hand  vice. 
Fig.  69.     Twisted  joints  are  made  by  holding  the  crossed  wires 
in  a  hand  vice,  in  a  clip  fitted  in  a  handle  and  tightened 
by    a   thumbscrew,    or,    if    thin     copper    wires   by   a    pair   of 
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Fig.  70. 


pliers,  and  twisting  them  by  hand  or  with  the  eye-bolt;  or  a  special 
tool,  termed  a  joint  lever  or  twisting  apparatus,  is  used.  A  very 
good  joint  may  be  made  by  holding  the  crossed  wire  in  a  hand 
vice,  screw  clip,  or  eye-bolt,  and  twisting  the  ends  with  the  hand 
or  eye-bolt,  the  latter  makes  the  closer  joint.  In  twisting  wires 
with  the  eye-bolt  the  wire  is  passed  through  the  hole  or  eye, 
and  bent  round,  as  shewn  in  section,  fig.  70  :  the  bolt  forms  a 
lever  to  twist  the  wire;  by  bending  the 
wire  over  the  bolt  at  d  it  is  kept  tight. 
In  bending  or  twisting  thick  wires  by 
hand,  1  to  2  feet  of  wire  must  be  allowed 
at  each  end  to  hold  by  and  give  a  sufficient 
leverage.  For  serving  with  thin  wire,  as 
in  making  Britannia  joints,  a  serving  mal- 
let may  be  used  with  advantage ;  the  work 
can  be  done  quicker,  and  the  wire  is  laid 
on  tighter  and  more  evenly,  than  when 
served  by  the  unassisted  hand;  joints  made  with  the  mallet  may 
be  shorter,  and  they  never  fail,  as  hand-made  joints  occasionally 
do.  The  handle  of  the  mallet  should  be  about  6  inches  long;  the 
head  should  fit  easily  over  the  joint  to  be  made;  the  end  of  the 
mallet  handle  has  a  hole  in  it.  To  use  the  mallet,  one  end  of 
the  thin  wire  is  passed  through  the  hole  in  the  mallet  handle, 
once  or  twice  round  the  handle,  and  round  the  wires  to  be 
served  (fig.  71).  The  thumb  is  placed  over  the  hole  to  keep  the 
wire  tight  if  necessary,  and  the  mallet  is 
turned  rotind  in  the  usual  way.  A  hook  is 
used  in  England  for  turning  the  ends  of  the 
line  wire  in  finishing  Britannia  joints,  but  it 
is  not  necessary,  as  the  wire  is  held  suffi- 
ciently well  by  the  binding  wire.  For  holding 
the  wire  while  straining  it  several  instru- 
ments are  used ;  the  commonest  is  the  devil's 
cla/ws,  and  another  instrument  on  the  same 
principle,  consisting  of  a  piece  of  metal  of  a 
curved  shape  furnished  with  eccentrics,  be- 
tween which  the  wire  is  held.  Half  a  dozen 
turns  of  thin  wire  put  on  tightly  with  a 
mallet  will  hold  a  wire  while  being  strained ; 
a  rough  loop  for  the  tackle  hook  is  made  of 
a  short  piece  of  thick  wire,  which  is  then 
bound  to  the  line  wire.  Bope  stoppers  are 
described  and  their  advantages  stated  in 
Paragraph  370.  They  are  generally  used  in 
India  in  preference  to  other  contrivances ;  they  are  best  suited 
to  thick  wires,  and  should  always  be  preferred  for  considerable 
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loads,  as  in  straining  up  very  long  spans.  A  kind  of  clip  or  vice 
with  a  thumbscrew  is  used  in  France ;  this  principle  was  tried 
in  India  for  some  time,  but  is  no  longer  in  use. 

384.  Screw-drivers,  unless  required  to  be  very  portable,  should 
be  large,  a  foot  to  18  inches  long;  a  screw-driver  fitted  in  a 
brace  is  the  least  likely  to  injure  screw-heads.  For  turning  nuts 
adjustable  spanners  are  best,  but  if  a  large  number  be  required 
for  a  short  time  only,  fixed  steel  spanners  are  more  economical. 
A  tool  termed  gas  tongs,  commonly  used  for  gas  pipes,  is  used  in 
England ;  it  is  very  useful  for  holding  bolts,  and  removing  them 
from  wooden  posts  when  rusted  in  ;  a  tool  on  the  same  principle  is 
used  for  screwing  in  screw-piles.  The  jaws  of  vices  and  adjustable 
spanners  should  not  be  screwed  together,  as  it  injures  the  teeth. 

385.  For  reaching  the  tops  of  posts,  ladders  and  contrivances 
to  facilitate  climbing  are  used ;  for  extensive  repairs  and  con- 
struction work  ladders  are  used ;  the  other  contrivances  are 
reserved  for  exceptional  cases,  to  repair  accidental  damage,  and 
for  reaching  the  tops  of  masts  too  high  to  admit  of  ladders  being 
used.  Ladders  should,  as  a  rule,  be  made  or  purchased  where 
required  rather  than  transported  long  distances,  particularly 
if  bamboo  or  other  light  strong  wood  is  procurable  on  the  spot ; 
if  the  wood  has  to  be  reduced  in  girth,  straight  grained  light 
wood  should  be  chosen,  and  it  should  be  split  rather  than  sawn. 
The  best  shaped  ladder  is  one  much  narrower  at  the  top  than 
the  bottom,  if  the  posts  have  brackets  the  sides  of  the  ladder 
may  be  joined  at  the  top,  so  that  the  whole  form  a  triangle  ;  if 
the  ladder  has  to  rest  against  the  post  a  sufficient  opening  should 
be  allowed  for  the  top  rung  to  rest  against  the  post ;  the  object 
of  having  the  ladder  made  wide  at  the  bottom  is  to  steady  it  and 
remove  the  necessity  for  a  second  man  to  hold  it  while  in  use ; 
the  ladder  is  not  sensibly  heavier  than  if  its  sides  were  parallel, 
it  requires  somewhat  more  skill  to  make,  but  if  it  can  be  made 
triangular  it  is  much  stiffer  and  stronger  than  a  ladder  almost 
or  quite  rectangular.     The  climbing  iron  is  a  steel  or  iron  rod  of 

the  shape  shewn  in  fig.  72  ;  the  waist  of  the  foot  is 
placed  in  B,  and  the  branches  A,  C  are  furnished 
with  straps  to  strap  the  instrument  to  the  leg,  the 
shorter  arm  A  being  placed  on  the  inner  side  of  the 
leg.  One  of  these  instruments  being  strapped  to  each 
leg  the  wearer  is  enabled  to  climb  a  wooden  post 
by  sticking  the  points  into  the  post,  these  instru- 
ment cannot  of  course  be  used  for  climbing  metal 
posts.  In  climbing  smooth  posts  of  either  metal 
or  wood,  much  assistance  is  afforded  by  an  endless 
band,  which  may  be  made  of  webbing  or  of  stout 
Fig.  72.       rope,  canvas,  or   other  suitable  material;  this  is 
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long  enough  (double)  to  rather  more  than  balf  encircle  the 
post,  the  two  feet  are  placed  inside  the  band,  which  passes 
over  the  instep  and  under  the  waist  of  each  foot ;  in  climbing 
the  band  passes  tightly  half  round  the  post  between  the  feet  and 
gives  a  firm  hold  on  the  post,  preventing  the  climber  from  slip- 
ping down.  If  the  climber  is  required  to  use  both  hands  he 
should  have  a  band  passed  loosely  round  the  waist  and  round 
the  post,  this  he  can  lean  against  whilst  working.  In  replacing 
wires  on  tall  compound  timber  masts,  it  is  a  common  practice  to 
lower  the  topmast ;  this  being  tedious  and  expensive,  the  top- 
mast should  be  climbed,  but  the  climber  should  always  have  a 
band  passed  under'  his  arms  and  round  the  mast,  both  to  assist 
him,  and  as  a  precaution  in  case  of  slipping  or  giddiness ;  wires 
may  readily  be  placed  on  masts  100  feet  high  by  these  means, 
the  man  climbing  perhaps  40  feet  above  the  trees  of  the  standing 
mast.  A  contrivance  used  in  Paris  for  washing  down  the  fronts 
of  high  houses  is  well  suited  for  use  where  long  ladders  cannot 
be  obtained,  or  where  their  transport  is  inadmissible;  a  rope  is 
knotted  every  1^  foot  or  2  feet,  and  suspended  from  the  top  of 
the  building,  the  workman  has  each  foot  in  a  loop  strapped  firmly 
to  each  leg  up  to  the  knee,  each  loop  has  a  large  hook  of  suitable 
shape  for  putting  round  the  rope  over  one  of  the  knots ;  the  man 
climbs  the  rope  by  shifting  the  hooks  alternately  to  alternate 
knots,  resting  on  one  foot  while  he  takes  the  pressure  off  the 
other.  When  working  the  hooks  of  the  feet  slings  are  both 
together  on  the  same  knot,  and  the  workman  sits  on  a  board 
slung  also  by  a  hook  placed  over  a  higher  knot;  the  man  cannot 
fall,  as  he  is  always  held  by  one  leg,  and  he  can  move  up  and 
down  the  rope  with  greater  facility  than  might  be  supposed. 
For  painting  high  masts,  and  in  general  for  telegraph  work,  when 
climbing  has  to  be  done  only  occasionally,  this  contrivance  would 
prove  very  useful.  A  wire  rope  with  projections  would  serve  as 
a  ladder  for  light  masts,  be  cheaper,  lighter,  and  less  likely  to  be 
climbed  by  unauthorised  persons  than  the  ordinary  fixed  ladder. 
386.  To  apply  paint  and  varnish,  a  soft  clean  brush  should  be 
used,  thin  coats  should  be  laid  on,  each  coat  being  allowed  to 
dry  before  covering  it  with  another ;  as  there  is  a  tendency  for 
the  liquid  to  accumulate  on  edges  and  in  angles,  it  should  be 
laid  on  thinner  at  these  places.  A  coating  of  thin  size  is  some- 
times used  over  porous  wood  to  prevent  absorption  of  the  paint 
or  varnish ;  when  the  object  is  to  preserve  the  wood,  several 
coats  of  linseed  oil  should  be  used ;  the  application  of  size  saves 
paint,  but  renders  the  painting  much  less  effective  as  a  preserva- 
tive. French  polishing  is  very  simple,  the  polish  is  simply  put 
on  in  thin  coats  with  a  pad  made  of  cotton  wool,  wrapped  in  a 


300  PROPERTIES   AND   APPLICATIONS   OF   MATERIALS. 

piece  of  soft  linen  or  cotton  cloth  ;  or  several  coats  are  put  on, 
the  surface  is  then  smoothed  with  fine  glass  paper,  more  polish 
is  put  on,  then  a  mixture  of  polish  and  spirit,  and  ultimately, 
spirit  alone,  so  that  all  the  marks  of  the  rag  are  removed  and 
the  surface  is  left  quite  smooth ;  a  very  little  linseed  oil  on  the 
pad  makes  it  work  easier.  Lacker  is  a  varnish  for  metal, 
generally  brass,  it  may  be  applied  cold,  but  if  the  metal  be 
warmed  below  212°  F.  the  surface  is  more  brilliant  and  the 
lacker  less  likely  to  chip  off.  Varnishes  and  paint  put  on  in  thick 
layers  are  not  so  durable  as  when  put  on  thinly,  and  it  is  neces- 
sary to  durability  that  each  coat  dry  before  another  is  applied. 
"Varnishes  are  generally  purchased  ready  for  use,  the  following 
receipts  may  however  be  useful.  The  simplest  and  best  French 
polish  and  lacker  are  as  follows  : — French  polish,  1|  lb.  shellac, 
1  gallon  spirit,  dissolve  without  heat ;  lacker  for  brass,  J  lb.  best 
shellac,  1  gallon  spirit,  dissolve  by  continuous  agitation  for  five 
or  six  hours  without  heat,  let  it  settle,  and  pour  off  the  clear 
liquid  ;  the  colours  used  are  turmeric,  gamboge,  and  dragon's 
blood.  Turpentine  varnish  for  indoor  work,  4  lbs.  resin,  1  gallon 
oil  of  turpentine,  with  sufficient  heat  for  solution.  Crystal 
varnish  for  paper,  2  lbs.  mastic  or  damar,  1  gallon  turpentine, 
dissolve  without  heat ;  or,  Canada  balsam  thinned  with  turpentine. 
Sealing  wax  varnish,  2J  lbs.  good  red  sealing  wax,  1J  lb.  shellac, 
1  gallon  spirit. 

Section  III. — Soldering. 

387.  When  two  pieces  of  metal  are  joined  together,  the 
solder  appears  to  combine  with  the  metals  superficially  to 
form  a  thin  coating  of  alloy,  the  altered  surfaces  being  held 
together  by  the  solder  so  as  to  form  one  piece;  it  is  hence 
essential  to  success  in  soldering — -firstly,  that  the  metals  te 
chemically  clean  and  protected  from  oxidation  by  a  flux  while 
heated ;  secondly,  that  they  be  raised  to  a  temperature  sufficiently 
high  for  the  combination  with  the  solder  to  take  place:  fulfil- 
ment of  the  first  condition  is  essential  to  adhesion,  of  the  second 
to  strength  of  the  adhesion.  The  flux  employed  may  act  merely 
as  a  varnish  excluding  the  air  while  the  metal  is  heated,  or  it 
may  also  act  as  a  deoxidising  agent  acting  on  the  metal  to 
produce  chemically  clean  surfaces;  the  operation  of  soldering  is 
rendered  easier  by  employing  fluxes  of  the  second  class  rather 
than  the  first — e.  g.,  if  resin  be  used  as  a  flux  the  surfaces  must 
be  perfectly  clean,  but  if  sulphate  of  zinc  be  used  there  does  not 
exist  stich  strict  necessity,  therefore  it  is  much  easier  to  obtain 
good  results  with  the  latter  flux  than  the  former.  Solders  are 
more  fusible  than  the  metals  they  are  intended  to  unite,  so  that 
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with  ordinary  care  there  is  no  risk  of  melting  the  metal  with  the 
solder ;  but  the  solder  should  approach  as  nearly  as  possible  in  me- 
chanical properties,  as  hardness,  malleability,  &c,  to  the  metal  to 
be  joined,  and  if  regard  be  paid  to  appearance  the  colours  of  metal 
and  solder  should  agree.      If  the   metal  and  solder  approach 
nearly  in  mechanical  properties,  the  joint  is  almost  equal  in 
strength  to  the  metal  it  unites,  and  may  be  hammered  and  bent 
almost  as  freely  as  if  homogeneous ;  but  if  the  solder  and  metal 
joined  differ  widely  in  malleability,  hardness,  and  other  mechani- 
cal properties,  the  joint  is  readily  opened  by  bending  the  metal 
or  by  striking  it.     Soldered  joints  in  which  the  mechanical  pro- 
perties of  the  soldftr  and  of  the  metal  joined  are  very  different, 
are  therefore  only  applicable  when   the  surrounding  metal  is 
so  thin  as  to  yield  with  the  joint,  when  the  work  cannot  be 
bent,  or  when  the  solder  is  employed  for  other  purposes  than 
strength    bending  wire  or  other    appliance  being   applied   to 
prevent  relative  motion  of  the  pieces  at  the  joint.     Solders  with 
the  above  exceptions  are  therefore  usually  made  of  the  metals 
they   are  intended   to  join  with  a   small   proportion  of  more 
fusible  metal  to  increase  their  fusibility.     Examples  are  furnished 
by  lead  or  pewter  united  by  soft  solder,  and  copper  or  brass 
united  by  spelter  solder ;  in  these  cases  the  joint  is  nearly  as 
tough  as  the  metal  joined,  and  may  be  bent  and  hammered;  but 
if  iron  or  brass  (excepting  as  thin  sheets)  be  united  by  soft 
solder,  it  may  be  opened  by  a  blow.     The  various  kinds  of  wire 
joint  with  but  few  exceptions,  as  in  the  case  of  very  thin  wires, 
depend  on  the  twisting  or  bending  for  their  strength ;  they  are 
not  really  solder  joints,  the  soldering  merely  makes  the  electrical 
connection,  for  if  the  binding  or  twisting  be  not  sufficient  to 
prevent  movement  independently  of  the  solder,  the  solder  will 
crack.     The  joints  should  be  close,  or  the  solder  instead  of  being 
absorbed  by  capillary  attraction  when  in  the  fluid  state,-  will  fall 
out;  and  the  pieces  joined  should  be  kept  motionless  and  pressed 
together  while  the  solder  solidifies.     Most  kinds  of  solder  attack 
or  gnaw  more  or  less  the  metal  joined,  and  sometimes,  as  in  the 
copper  wire  for  cables  and  delicate  instruments,  it  is  necessary 
to  avoid  this  by  using  silver  solder.     To  prevent  this  gnawing  of 
the  metal  by  solder  in  some  measure,  an  unnecessarily  high  tem- 
perature  and   continued  exposure  to  heat  should  be  avoided. 
The  manner  of  apptying  heat  is  varied  according, to  the  size  of 
the  objects,  the  fusibility,  and  general  or  local  application  of  the 
solder.    - 

388.  Soldering  is  termed  hard  or  soft ;  the  hard  solders  do 
not  fuse  at  a  temperature  below  red  heat,  and  are  applicable 
therefore  only  to  metals  and  alloys  which  will  resist  such  high 
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temperature  ;  soft  solders  melt  at  a  much,  lp-wer  temperature, 
and  are  applicable  to  all  metals,  their  composition  being  varied. 
Hard  solders  are  finely  divided  for  convenience  of  application, 
those  generally  used  are  soft  spelter  solder  for  common  brasswork, 
1  part  copper,  1  zinc ;  hard  spelter  solder  used  for  iron,  2  copper, 

1  zinc.  Solder  used  for  steel,  19  silver,  3  copper,  1  zinc;  for 
fine  brasswork,  1  silver,  8  copper,  8  zinc;  copper  in  shreds  is 
sometimes  used,  for  iron ;  hard  silver  solder,  4  silver,  1  copper ; 
soft  silver  solder,  2  silver,  1  brass  -wire ;  gold  solder,  24  gold,  2 
silver,  1  copper.  Spelter  solders  are  used  for  iron,  brass,  copper, 
and  gun-metal  generally.  The  zinc  in  these  solders  acts  as  a 
flux  and  burns  when  the  solder  melts,  thereby  indicating  com- 
pletion of  the  joint.  Silver  solders  are  used  for  fine  work  in 
iron,  steel,  silver,  common  gold,  German  silver,  brass,  copper,  and 
generally  when  greater  neatness  is  necessary  than  can  be  attained 
with  spelter  solder;  being  fusible  compared  with  other  hard 
solders,  and  not  eating  away  the  metal  joined,  they  are  used  for 
joining  copper  wires  where  it  is  very  important  the  electrical 
conductivity  should  be  altered  as  little  as  possible,  and  it  is 
undesirable  to  have  an  additional  thickness  at  the  joint;  the  indi- 
vidual copper  wires  in  cable  cores  are  joined  with  this  solder  by 
scarfed  joints.  The  soft  solders  generally  used  are  the  follow- 
ing : — Coarse  tin  solder,  1  part  tin,  from  2  to  3  parts  lead ; 
ordinary  or  common  tin  solder,  1  tin,  1  lead;  andjSwe  tin  solder, 

2  parts  tin  and  1  part  lead.  The  last  is  commonly  used  for  line 
wires,  and  is  the  best  for  the  purpose ;  the  common  and  coarse 
solders  are  also  used,  but  they  have  higher  melting  points,  are 
weaker,  and  more  readily  oxidise ;  the  only  advantage  of  their 
employment  is  the  difference  in  cost.  For  soldering  pewter  and 
lead  it  is  advisable  to  use  a  greater  proportion  of  lead,  to  approxi- 
mate the  mechanical  properties  of  the  solder  to  those  of  the 
metal  to  be  joined;  1  part  tin  25  parts  lead  melts  at  558°  F. ; 
but  to  render  the  alloy  more  fusible  bismuth  is  added  ;  bismuth 
fuses  at  398°  F.  (Pouillet) ;  one  author  states  it  melts  at  480°  F., 
this  is  evidently  a  mistake.  Pewterers'  soft  solder  is  composed 
of  2  parts  bismuth,  4  lead,  3  tin ;  pewterers'  common  solder,  1 
bismuth,  1  lead,  2  tin;. 4  lead,  4  tin,  8  bismuth  melts  at  320" F.; 

3  lead,  5  tin,  8  bismuth  at  202°  F. ;  the  addition  of  mercury 
causes  the  alloy  to  melt  at  a  still  lower  temperature.  The  more 
fusible  solders  are  useful  for  soldering  gutta-percha  covered 
wires,  thin  foils,  and  leaden  tubes  containing  covered  wires; 
they  are  of  limited  application.  There  is  much  disagreement 
between  authors  concerning  the  melting  points  of  solders.  The 
following  melting  points  are  given  on  the  authority  of  Tom- 
linson : — 
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Melting 
Point  P. 

Melting 
Point  P. 

Tin. 

Lead. 

Tin. 

Lead. 

1 

25 

558° 

3 

2 

334° 

1 

10 

541° 

2 

340° 

1 

5 

511° 

3 

356° 

1 

3 

482° 

4 

365° 

1 

2 

441° 

5 

378° 

1 

1 

370° 

6 

381° 

The  tenacity  of  fine  tin  solder  is  about  7500  lbs.  per  square  inch. 
389.  The  soueces  of  heat  generally  used  for  hard  soldering 
are — the  naked  fire,  furnaces,  muffle,  and  blowpipe;  if  the  work 
be  placed  in  contact  Vith  the  fuel  the  presence  of  sulphur  should 
be  avoided,  by  using  charcoal  or  coke  rather  than  coal.  Ordinarily 
the  sources  of  heat  employed  for  hard  soldering  are  seldom  used 
for  soft  soldering,  but  the  naked  fire  is  sometimes  used  for  large 
work.  Articles  to  De  soft-soldered  may  be  dipped  into  melted 
solder,  or  the  solder  may  be  poured  over  the  joint  in  sufficient 
quantity  to  heat  the  metal  to  the  temperature  necessary  to 
adhesion;  this  practice  is  however  a  bad  one,  for  if  the  solder 
be  kept  melted  it  undergoes  a  change  which  destroys  its  useful 
properties,  itn  becomes  porous  and  brittle,  and  will  no  longer 
adhere.  This  practice  has  not  the  advantages  sometimes  claimed 
for  it;  Britannia  joints  dipped,  soaked,  and  moved  about  in 
melted  solder  do  not  absorb  the  solder,  as  is  generally  supposed; 
on  sawing  open  a  number  of  joints  made  in  this  manner  with 
every  precaution,  in  no  case  had  the  solder  penetrated  the  joint 
as  was  expected,  and  although  this  may  occur  in  some  cases, 
these  are  exceptional.  The  most  useful  source  of  heat  is  a  piece 
of  untinned  iron,  of  a  shape  and  weight  suited  to  the  work ;  tin- 
plate  workers  in  India  use  iron  bolts  for  all  work.  A  convenient 
form  of  heater  is  a  piece  of  flat  bar  iron,  the  work  is  held  on  the 
hot  iron  until  the  solder  runs.  For  soldering  joints  in  line  wires 
and  for  all  thick  work  the  iron  soldering  bolt  is  probably  the 
most  convenient  source  of  heat;  the  shape  of  the  heater  should  be 
such  as  to  expose  the  minimum  of  radiating  surface,  and  admit 
of  the  heat  being  concentrated  on  the  joint;  the  best  form  for 
joining  line  wires  is  probably  an  ellipsoid  with  a  groove  into 
which  the  joint  can  be  laid ;  the  groove  should  be  slightly  deeper 
in  the  centre  than  at  the  edges,  in  order  that  the  solder  may  not 
run  out  when  melted,  it  should  be  the  length  of  the  joint  to  be 
made,  deep  enough  to  receive  the  joint,  parallel  with  the  longer 
axis  of  the  ellipsoid,  and  the  handle  should  be  fixed  at  right 
angles  to  the  groove.  A  heater  containing  1£  to  2  lbs.  of  iron 
will  solder  No.  1  wire  readily.  The  specific  heat  of  iron  being 
•1098  and  that  of  copper  only  '0949,  iron  takes  longer  to  heat 
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and  cool ;  it  should  not  be  used  red  hot,  and  should  be  wiped  on 
removal  from  the  fire.  The  copper  bit,  a  piece  of  tinned  copper 
of  suitable  shape  and  -weight  fixed  to  a  handle,  is  the  best  source 
of  heat  for  thin  wires  and  sheets  and  small  work;  it  is  universally- 
used  in  Great  Britain  by  tinplate  workers.  Being  tinned  melted 
solder  will  adhere  to  it,  hence  it  may  be  used  to  pick  up  and 
apply  the  solder;  the  specific  heat  of  copper  being  low  it  is 
readily  heated,  when  the  work  is  small  this  is  a  convenience  and 
a  source  of  economy  in  fuel,  but  for  heavy  work,  as  joints  in 
thick  wires,  the  copper  bit  is  quite  unsuitable.  The  iron  bolt 
is  cheaper  and  does  not  burn  away ;  copper  absorbs  the  solder, 
rapidly  wastes,  does  not  keep  hot,  and  the  tin  is  readily  burnt 
off;  heavy  work  cannot  be  thoroughly  heated  by  a  copper  bit, 
and  there  is  great  danger  of  a  merely  superficial  and  deceptive 
coating  of  solder  being  laid  over  the  joint.  u  Copper  bolts  should 
not  weigh  much  more  than  half  a  pound,  if  greater  heat  be 
required  than  this  will  furnish  the  iron  bolt  should  be  preferred. 
The  blowpipe  flame,  a  spirit  lamp,  or  a  torch  made  of  three  or 
four  dozen  thin  rushes  with  a  slight  coating  of  tallow,  are  some- 
times used,  but  the  iron  and  copper  bolts  are  employed  more 
generally.  For  repairing  line  wires  a  small  sheet  copper  box 
with  a  handle  is  used  in  England,  a  groove  in  its  upper  surface 
receives  the  joint  to  be  heated,  the  fuel  employed  is  composed 
of  coke  or  charcoal,  mixed  with  a  chlorate,  nitrate,  or  other  salt 
(supplying  oxygen  readily;  the  fuel  being  ignited  the  box  is  used 
as  an  ordinary  soldering  bolt.  This  contrivance  is  very  portable 
and  exceedingly  useful  for  repairs  after  interruption. 

390.  Fluxes. — The  flux  most  generally  used  is  chloride  of  zinc 
in  strong  solution ;  it  may  be  made  by  saturating  a  mixture  of 
equal  parts  hydrochloric  acid  and  water  with  metallic  zinc,  it  is 
applicable  to  all  metals,  and  gives  the  best  results  without  that 
strict  necessity  for  clean  surfaces  necessary  when  most  other 
fluxes  are  used ;  it  is  therefore  easier  to  solder  with  than  other 
fluxes,  and  as  zinc  is  a  metal  difficult  to  solder  well,  this  flux 
should  be  generally  used  for  zinc.  Chloride  of  zinc  is  generally 
used  for  soldering  line  wires,  the  only  objection  to  its  use  is  that 
it  leaves  a  metallic  salt  on  the  work  which  may  cause  oxidation; 
joints  made  with  this  flux  should  be  carefully  washed  with  solu- 
tion of  common  soda,  or  if  this  be  not  procurable  with  water. 
Chloride  of  ammonium,  termed  sometimes  muriate  of  ammonia, 
and  in  commerce  sal  ammoniac,  is  a  flux  next  in  utility  to 
chloride  of  zinc;  it  is  used  mostly  for  iron  cast  and  wrought,  and 
also  for  copper  and  its  alloys;  it  is  often  used  with  resin,  and 
sometimes  with  chloride  of  zinc,  as  bichloride  of  zinc  and  am- 
monium; it  is  used  alone  for  soldering  zinc,  but  is  inferior  to 
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chloride  of  zinc  for  this  purpose.  Like  chloride  of  zinc  it  assists 
in  cleaning  the  surfaces  to  be  joined.  Resin  is  a  flux  very 
commonly  employed,  it  does  not  act  on  the  metals  as  the  fluxes 
mentioned  above;  hence  when  this  or  any  of  the  following  fluxes 
are  used  the  strictest  necessity  exists  for  clean  surfaces;  for  this 
reason  difficulty  is  often  experienced  in  soldering  untinned  iron 
with  this  flux.  It  is  generally  used  for  tinned  iron,  and  for 
making  joints  in  cable  cores  and  resistance-box  connections,  in 
preference  to  the  salts  of  zinc  and  ammonium,  the  use  of  which 
might  be  highly  injurious  from  the  possibility  of  a  small  quantity 
of  the  salt  being  left  on  the  joint  to  subsequently  corrode  it. 
Resin  is  used  for  tin  alloys,  and  mixed  with  oil  it  is  used  for 
lead  and  tin  pipes ;  tallow  is  used  for  lead;  Venice  turpentine 
and  sweet  oil  are  also  used  for  fusible  metals  and  alloys,  as  lead, 
pewter,  &c. 

391.  Soft  soldering,  from  the  low  temperature  of  fusion  of  the 
solders,  is  applicable  to  almost  all  metals :  the  operation  is  very 
simple ;  the  surfaces  to  be  joined  should  be  cleaned,  lead  and 
pewter  are  generally  scraped,  iron  and  copper  are  cleaned  with 
emery  paper  or  acid,  or  scraped  with  a  knife  to  bright  surfaces. 
Tinplate  and  thin  metals  usually  have  a  little  flux  placed  on 
them  and  the  solder  and  heat  applied  at  once,  but  thicker  masses 
of  untinned  metal  should  be  tinned  by  the  application  of  a  little 
flux  and  dipping  in  melted  solder.  The  latter  operation  is  par- 
ticularly necessary  in  the  case  of  iron,  as  the  solder  does  not 
always  adhere  well;  it  should  always  be  applied  to  line  wires 
before  binding  or  twisting  them  together,  and  to  binding  wires 
if  not  tinned  ;  the  tinning  should  extend  over  the  whole  surface 
denuded  of  zinc  when  making  joints  in  galvanised  wire,  to  pre-, 
vent  subsequent  oxidation  of  the  iron.  Soft  solder  joints  are 
merely  pressed  together  with  a  little  solder  and  allowed  to  cool 
at  rest,  the  superfluous  solder  is  pressed  out,  and  the  operation 
somewhat  resembles  gluing.  To  join  line  wires  the  joint  is 
placed  in  the  groove  of  the  soldering  bolt,  covered  with  a  little 
flux,  and  the  solder  being  placed  in  the  groove,  it  rises  by  capil- 
lary attraction  and  covers  the  joint;  the  solder  should  not  be 
placed  on  the  joint.  "With  thin  wires  and  the  copper  bolt  a  little 
solder  may  be  applied  by  the  point  of  the  bolt.  In  soldering  a 
long  joint  or  seam  by  moving  the  bolt,  care  should  be  taken  to 
move  it  slowly;  by  moving  it  too  quickly  a  weak  joint  is  made. 
Copper  alloys  dissolve  in  the  solder  and  require  care  to  prevent 
the  edges  of  the  metal  being  eaten  away.  Large  objects  may  be 
heated  and  the  solder  and  flux  applied  to  them  while  hot — a  char- 
coal fire  is  the  most  convenient  for  this  purpose. 

392.  Brazing  is  generally  done  in  an  open  fire  urged  by 

x 
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■bellows;  -when  the  blowpipe  is  used  the  work  is  placed  on  char- 
coal or  cinders,  which  may  he  held  in.  a  spoon,  or,  heater  still,  in  a 
piece  of  pumice-stone  hollowed  for  the  purpose  ;  the  blowpipe  is 
commonly  used  with  a  spirit  lamp  for  small  work.  The  flux 
generally  used  in  hard  soldering  is  borax,  and  it  is  better  to  fuse 
the  borax  before  use,  as  otherwise  it  is  apt  by  crepitating  to 
remove  the  solder.  The  pieces  to  be  joined  should  be  fixed 
together  as  they  are  required  to  be  joined,  they  are  commonly 
tied  with  thin  iron  wire ;  the  granulated  solder  mixed  with 
powdered  flux  being  spread  on  the  joint,  the  heat  is  raised 
gradually  to  desiccate  the  flux,  it  should  be  uniform  over  .the 
■whole  joint,  and  when  the  solder  has  run  or  flushed  the  work  is 
removed  from  the  fire.  Iron  being  less  liable  to  fuse  than  most 
other  metals  requires  less  caution  in  heating  it ;  but  it  is  apt  to 
scale,  and  is  often  covered  with  loam  to  protect  it  while  being 
heated. 

Section  IV. — Surveying,  Drawing,  &c. 

393.  Surveying  in  its  extended  sense  includes  levelling,  in  a 
limited  sense  levelling  is  excluded.  The  object  of  surveying  in 
its  limited  sense  is  to  determine  the  relative  positions  of  objects, 
the  shapes  and  areas  of  portions  of  the  earth's  surface,  and  to 
define  on  the  ground  and  represent  on  paper  lines  and  areas. 
The  data  obtained  by  surveying  are  considered  relative  to  a 
horizontal  surface  and  represented  on  paper  by  a  plan;  gene- 
rally in  engineering,  and  invariably  in  the  case  of  telegraph 
surveying,  the  earth's  surface  may  be  considered  plane.  The 
points  chosen  between  which  lines  are  drawn  are  termed  stations, 
the  lines  joining  these  are  termed  station  lines;  the  stations 
selected  in  the  first  instance  whose  relative  positions  are  first 
determined  are  called  principal  stations,  and  the  lines  between 
them  base  lines  or  principal  station  lines.  The  principal  stations 
are  those  prominent  points,  permanent  or  temporary,  which  are 
first  selected,  and  to  which  the  positions  of  other  points,  termed 
secondary  stations,  are  determined  and  represented,  and  ulti- 
mately details  filled  in.  Levelling  determines  and  defines  the 
relative  elevations  of  the  ground  and  of  buildings  and  other 
objects;  the  data  obtained  are  represented  on  paper  by  a  section, 
and  they  are  referred  to  a  vertical  plane.  As  relative  results 
are  required,  a  point  has  to  be  selected  to  the  elevation  of  which 
the  other  elevations  to  be  determined  may,  at  least  in  the  first 
instance,  be  referred;  such  point  is  termed  a  datum  point,  sub- 
ordinate datum  points  are  called  bench  marks.  For  purposes  of 
verification  a  datum  fixed  point  is  chosen,  this  is  usually  a  point 
on  a  building  chosen  so  that  it  is  permanent  and  readily  recog- 
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nised.  Stout  stakes  are  used  as  datum  points  and  bench  marks; 
they  should  be  driven  nearly  to  the  head,  and  be  placed  in  situa- 
tions where  they  are  not  liable  to  be  disturbed. 

394.  The  measures  op  length  employed  in  England  in  engi- 
neering are :  the  yard,  the  foot,  and  the  inch — the  inch  is  divided 
into  eighths,  twelfths,  or  decimals  ;  the  fathom  of  2  yards,  the 
chain  of  66  feet,  divided  into  4  poles  and  100  links;  the  statute 
mile  of  1760  yards,  divided  into  8  furlongs;  the  nautical  mile -this 
is  equal  to  one  minute  of  latitude,  and  therefore  varies  in  different 
latitudes,  the  value  commonly  assumed  is  one  minute  of  longitude 
at  the  equator,  about  6086  feet;  this  is  also  termed  a  knot,  it 
is  the  unit  used  in  cable  work,  and  is  sometimes  divided  into  10 
cables,  each  subdivided  into  100 fathoms,  the  fathom  being  about,. 
Jfl-  longer  than  the  common  fathom.  The  French  unit  of 
length  is  the  metre,  which  is  approximately  one  ten-millionth 
part  of  the  distance  between  one  of  the  poles  and  the  equator 
of  the  earth,  it  is  3-2808693  feet  or  39-37043  inches  British 
measure;  the  metre  is  divided  and  multiplied  decimally,  1000 
metres  =  1  kilometre  =  0-621383  of  a  statute  mile.  The  British 
measures  of  area  employed  in  engineering  surveying  are :  the 
square  foot  of  144  square  inches,  the  square  yard  of  9  square 
feet,  the  acre  of  10  square  chains,  and  the  square  mile;  tele- 
graph engineers  have  seldom  to  deal  with  areas,  when  they  do 
the  areas  are  small  in  extent.  The  measures  of  volume  are :  the 
cubic  inch,  the  cubic  foot  of  1728  cubic  inches,  and  the  cubic 
yard  of  27  cubic  feet.  The  French  measures  of  area  are  the 
square  metre  =  10-7641  square  feet,  and  the  square  millimetre  = 
•00155003  square  inch;  the  measure  of  capacity  is  the  cubic 
metre  =  35-3156  cubic  feet. 

395.  In  surveying  a  route  for  a  telegraph  line,  whether  it  be  a 
mere  preliminary  survey  or  actual  setting  out  of  the  work,  the 
engineer  has  occasion  to  use  instruments  for  taking  levels  and 
making  angular  measurements  ;  lines  are  sometimes  marked  out 
by  the  eye  alone,  rough  geometrical  method  being  employed  to 
measure  and  subdivide  angles ;  but  as  a  general  rule  the  use  of 
instruments  is  either  absolutely  necessary  to  furnish  the  informa- 
tion required,  as  in  measuring  rivers,  or  highly  conducive  to 
economy  by  saving  the  time  of  the  surveyor,  rendering  the  work 
more  accurate  and  the  route  shorter.  Telegraph  lines  are  gene- 
rally erected  along  roads,  railways,  and  other  principal  lines  of 
communication,  and  the  position  of  the  structure  is  for  the  most 
part  so  far  fixed  that  the  requisite  survey  is  of  a  simple  kind ; 
but  surveys  for  unbridged  river  crossings,  lines  over  hilly  country, 
and  over  tracts  untraversed  by  roads,  &c,  demand  the  employ- 
ment of  reliaWe  instruments  and  methods,  and  generally  when 
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accuracy  is  necessary  exact  and  complete  instruments  are  more 
satisfactory  in  use,  save  .time,  and  lessen  exposure  of  the  men. 
A  small  theodolite  is  best  adapted  to  these  purposes ;  it  may  be 
used  as  a  level  for  taking  differences  of  level  of  river  banks;  long 
straight  lines  are  ranged  by  first  looking  in  one  direction,  then 
reversing  the  telescope  and  looking  in  the  opposite  direction. 
With  a  6-inch  theodolite  a  line  may  be  ranged  with  an  error  not 
exceeding  3  inches  per  mile.  For  the  details  of  a  line  as  for 
dividing  the  angles,  and  marking  the  anchor  holes  for  angle  posts 
and  masts,  an  ordinary  magnetic  compass  with  sights  on  a  tripod, 
with  a  plummet  hung  from  a  point  immediately  under  the  axis 
of  the  needle,  is  a  most  convenient  instrument ;  or  a  prismatic 
compass  similarly  fitted  may  be  used,  and  is  generally  preferred. 
The  plummet  being  brought  immediately  over  the  peg  marking 
the  position  for  a  post,  horizontal  angles  may  be  very  readily 
measured ;  when  a  rough  approximation  only  is  required  the 
compass  may  be  held  in  the  hand.  The  compass  can  be  read  to 
a  quarter  of  a  degree,  and  the  limit  of  error  is  within  half  a 
degree  for  most  of  the  measurements  required  in  telegraph  work, 
as  the  relative  and  not  the  absolute  magnetic  azimuths  of  objects 
are  usually  measured.  The  box  sextant  is  not  so  well  suited  for 
general  use  in  marking  land  lines  as  the  prismatic  compass,  but 
it  has  many  advantages  under  particular  circumstances ;  it  can 
be  used  for  oblique  and  vertical  angles,  and  with  an  artificial 
horizon  for  taking  altitudes,  it  may  be  used  in  a  boat  while 
surveying  rivers,  it  is  much  more  accurate  than  the  compass, 
and  may  be  read  by  the  vernier  to  one  minute,  and  by  estimation 
to  half  a  minute.  The  telescope  is  an  advantage  in  telegraph 
work,  the  lines  ranged  being  usually  long,  but  the  box  sextant  is 
not  usually  used  for  lines  longer  than  a  mile.  For  ascertaining 
roughly  differences  of  level  between  contiguous  posts  and  over 
short  distances  generally,  the  best  instrument 
is  the  level,fig.  73;  it  consists  of  a  piece  of  glass 
in  a  metal  frame  of  the  shape  figured,  half 
the  glass  A  is  silvered,  the  other  half  B  is 
unsilvered,  a  hair  or  wire  is  stretched  between 
C  and  D.  In  use  the  instrument  is  held  by 
the  ring  E,  it  then  hangs  vertically ;  it  is 
held  some  distance  from  the  face  of  the 
observer,  who  brings  the  image  of  his  eye 
on  the  hair  on  the  mirror,  and  at  the  same 
time  reads  off  on  the  levelling  staff  through 
Fig.  73.  the  plain  glass  with  the  same  eye  the  point 

where  the  hair  crosses  the  staff.     To  measure 
the  differences  of  levels  of  posts  a  tape  may  be  held  against  the 
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post,  a  temporary  staff  may  be  made,  or  a  man  may  raise  or 
lower  a  stick  until  he  marks  on  the  post  the  point  where  the 
hair  crosses  the  post.  The  water  level,  consisting  essentially  of  a 
tube  bent  twice  at  right  angles,  and  containing  fluid,  usually 
coloured,  may  be  used  if  greater  accuracy  be  desired ;  the  line  of 
sight  in  this  instrument  is  furnished  by  the  surfaces  of  the  fluid 
in  the  two  legs,  which  are  of  glass,  these  surfaces  being  neces- 
sarily in  the  same  horizontal  plane.  The  theodolite  may  be  used 
for  levelling;  it  may  either  have  its  line  of  collimation  set  hori- 
zontal or  at  a  known  angle.  Altitudes  may  be  measured  on  land 
by  the  sextant,  by  using  it  to  take  angles  of  depression  and 
elevation.  The  most  accurate  levelling  instrument  is  the  tele- 
scopic level,  termed  the  spirit  level,  or  level  proper ;  it  is  not 
necessary  to  use  this  instrument,  as  the  lines  to  be  levelled  are 
usually  short,  and  the  strictest  accuracy  is  not  necessary.  The 
ordinary  chain  is  usually  replaced  by  a  tape,  which  is  much 
more  portable ;  66  feet  is  a  convenient  length,  being  ^  of  a 
mile.  The  chain  is  used  by  some,  either  the  chain  proper  of  66 
feet  or  one  of  100  feet ;  it  should  measure  the  nominal  length 
including  the  handles.  A  stout  string  or  a  wire,  measured  off  by 
means  of  the  tape  and  checked  from  time  to  time,  is  commonly 
employed  in  marking  out  lines ;  this  should  be  an  aliquot  part  of 
the  standard  distance  from  post  to  post,  and  should  be  marked 
at  the  half  and  quarter  of  its  length.  When  measuring  with  the 
chain  or  string,  the  man  in  advance,  termed  the  leader,  walks 
in  the  line  chosen,  being  directed  either  by  a  flag  or  mark  in 
advance,  or  by  the  man  following,  termed  the  follower ;  at  start- 
ing the  leader  is  furnished  with  as  many  iron  skewers  or  arrows 
as  the  measuring  line  is  contained  in  the  standard  distance,  and 
he  sticks  one  of  these  in  the  ground  to  measure  from ;  having 
walked  from  this  point  the  length  of  the  line,  he  faces  the 
follower,  the  two  men  stretch  the  line,  the  follower  by  motions 
with  his  hand  or  by  his  voice  directs  the  leader  into  the  align- 
ment, and  makes  a  sign  or  says  "  mark,"  on  which  the  leader 
sticks  an  arrow  in  the  ground  and  proceeds,  the  follower  takes 
up  the  first  arrow  and  follows ;  when  the  arrows  in  the  hands  of 
the  leader  are  exhausted,  the  distance  between  the  point  marked 
by  the  first  arrow  and  that  marked  by  the  last  is  the  standard 
distance  between  two  posts ;  these  points  are  marked  by  flags  or 
pegs,  the  follower  gives  all  the  arrows  but  one  to  the  leader, 
and  they  proceed  as  before.  The  number  of  arrows  in  the 
hand  of  the  follower  indicates  the  number  of  times  the  cord 
has  been  applied  at  any  time,  reckoning  from  the  last 
peg  or  flag;  generally  in  measuring  with  a  chain,  arrows  are 
used  in  the  manner  described  above;  in  measuring  long  lines 
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10  arrows  are  used,  and  the  surveyor  enters  every  length  of  10 
chains  as  measured.    If  the  chain  he  used  it  is  necessary  to  verify 
it,  straighten  any  links  accidentally  bent,  and  keep  the  links  free 
from  earth.     An  opera  glass  or  telescope  is  necessary  in  order  to 
distinguish  flags  or  pegs  at  considerable  distances,  and  examine 
and  range  long  lines ;  a  single  glass  or  telescope  should  be  pre- 
ferred to  the  binocular.     The  flags  usually  have  sticks  about  10 
feet  long  shod  with  iron  at  one  end,  and  having  a  small  piece  of 
thin  coloured  cloth  at  the  other;  to  reduce  the  weight  6  feet  poles 
are  often  used,  and  as  many  are  required  in  setting  out  telegraph 
work,  any  cheap  light  rods  readily  procurable  may  be  used  in- 
stead of  the  iron-shod  well-made  sticks  commonly  used  in  engi- 
neering surveying.     The  colour  seen  at  the  greatest  distance  is 
white,  red  is  easiest  to  distinguish  from  foliage  and  grass,  hut 
on  railways  the    colours    used  for  railway  signals    should   be 
avoided ;  in  open  country,  rods  of  light  wood  either  white,  or 
painted  in  alternate  stripes  white  and  black,  serve  instead  of  flags. 
White  rather  thick  hollow  bamboos  form  excellent  marking  rods, 
a  small  crowbar  or  khuntie  may  be  used  to  make  the  holes  and 
fix  them  in  the  ground.     For  ranging  long  lines,  or  when  a  high 
object  has  to  be  seen  over,  long  poles  may  be  used,  placed  verti- 
cal by  a  plumb  line  and  kept  so  by  stays  ;  when  accuracy  is 
desired  these  are  used  for  marking  long  station  lines.     For  mark- 
ing on  the  ground,  pegs  driven  nearly  to  the  head  are  used;  cleft 
sticks  with  pieces  of  white  paper  in  the  clefts,  technically  termed 
whites,  are  useful  to  render  pegs  visible  at  a  distance.     Horizontal 
distance  on  a  slight  incline  is  measured  with  sufficient  accuracy 
by  being  measured  in  steps  ;  the  measuring  line  is  held  to  the 
ground  at  one  end,  the  other  end  is  raised  until  the  cord  is 
horizontal,  a  plumb  line  or  stone  let  fall  from  the  raised  end 
marks  a  spot  to  which  the  ground  end  of  the  line  must  be  trans- 
ferred in  continuing  the  measurement  lower  down  the  incline. 
When  the  incline  is  steep  it  may  be  measured  in  half  or  quarter 
chains  at  a  time.     Inclines  may  be  measured  by  the  clinometer,' 
reference  to  a  table  will  give  the  rise  or  fall,  and  the  number  of 
links  and  parts  which  must  be  subtracted  from  each  chain  to 
obtain  the  horizontal  distance,  the  corrections  can  thus  be  made 
while  measuring ;  a  table  of  these  corrections  is  usually  engraved 
on  clinometers  and  theodolites.     In  marking  out,  the  pegs  should 
be  so  placed  as  not  to  be  disturbed  during  the  progress  of  the 
work,  in  order  to  prevent  or  render  evident  departure  from  the 
original  design.     For  measuring  short  distances  a  light  rod  may 
be  used  ;  this  may  be  made  oh  the  ground,  or  one  of  the  flag 
staves  may  be  graduated.     For  sounding  shallow  rivers  or  pools 
a  rod  weighted  at  the  lower  end  is  the  best  instrument;  when 
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too  deep  for  this  a  chain  is  used  for  depths  less  than  100  feet,  and 
a  lead  line  for  greater  depths.  The  last  consists  of  a  piece  of 
hard  strong  cord  knotted  at  every  fathom,  having  at  one  end  a 
conical  piece  of  lead,  the  lower  part  of  which  is  hollow  and  con- 
tains tallow  or  other  hard  grease.  The  length  of  cord  run  out 
gives  the  depth,  and  the  matter  adherent  to  the  greased  surface 
shews  the  nature  of  the  bottom.  The  permanent  and  temporary 
adjustments  of  the  several  optical  instruments  used  in  surveying 
are  best  learned  by  practice,  aided  by  reference  to  books  on  the 
subject. 

396.  If  ABC  be  a  right-angled 

triangle  the  trigonometrical  func-     n.  ' 

tions  of  the  angle  BAC  (referred  to  J^.  ^\ 

as  angle  A  for  brevity)  are  denned  ^s.  s"^ 

,  ..  BC  .      .       .     AB  .      __i___^^_ 

as    follows :  7-=.  is  sine  A ;  -r-x  13  3^  a  t 

AC  AC 

.        .      BC  .    ,  .    .      AB  k»  74. 

cosine  A;  -pg  is  tangent  A ;   =^,  s 

.      AC-AB   .              ,    .       .             AC-BC   . 
is  cotangent  A  :    t-~ —    is  versed  sine  A  :  and  i-_, —    is 

0  '        AC  '  AC 

coversed  sine  A.  The  functions  of  an  obtuse  angle,  CA6  =  180°'- 
A,  are  defined  as  follows : — The  line  BA  being  produced  in  the 
direction  A6,  AB  and  Kb  lying  in  opposite  directions  from  A 
have  opposite  signs ;  applying  the  lines  be,  Ac,  and  Aft  as  the 
lines  BC,  AC,  and  AB  are  applied  in  the  above  definitions  for 
the  functions  of  the  acute  angle  A,  but  using  the  opposite  sign 
for  the  line  A5,  the  corresponding  functions  of  the  obtuse  angle 
are  obtained.  In  other  words,  the  functions  of  the  obtuse  angle 
c  AB  are  those  of  the  acute  angle  cAb — i.  e.,  of  the  angle  BAC  with 
the  sign  of  AB  changed,  therefore  the  functions  of  an  obtuse 
angle  =  180°- A,  with  the  exception  of  the  versed  sine,  are 
numerically  equal  to  the  functions  of  A,  but  their  signs  are  not 
necessarily  the  same.  The  relations  between  the  corresponding 
functions  of  an  obtuse  angle  and  its  supplement  are  as  fqllows : — 

sin  (180°  -  A)  =  sin  A; 

cos  (180°  -  A)  =  -cos  A; 
versin  (180°  -  A)  =  1  +  cos  A  =  2  -  versin  A ; 
coversin  (180°  -  A)  =  coversin  A ; 

tan(180°-A)=  -tan  A; 
cotan  (180°  -  A)  =  -  cotan  A ; 

sec  (180°-  A)  =  -sec  A; 
cosec  (180°  -  A)  =  cosec  A. 

In  short  the  sine  and  cosecant  of  an  obtuse  angle  have  the  same 
sign  as,  and  the  cosine,  tangent,   cotangent,   and  secant,   the 
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opposite  sign  to,  the  corresponding  function  of  its  supplementary- 
acute  angle.  The  elementary  relations  between  the  different 
functions  of  one  angle  are  as  follows  : — 

tan  A  1 


sin  A  =  . /I  -  cos2  A  = r  =  ;- : 

v  sec  A     cosec  A 


cotan  A         1 


cos  A=  ,71  —  sin2  A= r  = -: 

cosec  A     sec  A 

versin  A  =  1  -  cosin  A ; 
coversin  A  =  1  -  sin  A ; 

tanA  =  ^n—r=  — j-  =  sin  A-secA=  N/sec2A-l; 

cos  A     cotan  A  ' 

cotan  A  =  <?^r  = _  =  cos  A-  cosec  A  =  Vcosec2  A  -  1  • 

sin  A    tan  A  ' 


sec  A  = j-  =  J  1  +  tan2  A  : 

cos  A      v  ' 


cosec  A  =  — — j-  =  JL  +  cotan2 A 
sin  A      v 


The  elementary  relations  between  the  functions  of  an  angle  A 
and  the  angles  2A  and  -=■  are  as  follows  : — 

\      o   •  -^    „„„  A  2  /  1  -  cos  2A 

sin  A  =  2  sin-j .  cos  —  = =  a   / 

2  2         .AAA/  2  > 

cotan  -jj  +  tan  -^        v 

cosA  =  cos2-|-sin2_|  =  l-2sin2^  =  2cos2^-l  = 


cotan  ^  -  tan  -3- 


2_       /l  +  cos2A 
A"V  2~  ' 


A  A 

cotan -H  +  tan  -^ 

tan  A-  2  -\  /  1  ~  coe  2A^    sin  2A       1  -  cos  2A 

cotan  t-tant    V    X  +  cos  2A    1  +  COS2A"    sin  2A 
J  2 
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The  sum  of  the  angles  of  a  plane  triangle  is  180° — i.  e.,  equal  to- 
two  right  angles.  The  sides  of  a  plane  triangle  are  propor- 
tional to  the  sines  of  the  angles  opposite  to  them  respectively. 
The  square  on  the  hypothenuse  of  a  right-angled  triangle  is 
equal  to  the  sum  of  the  squares  on  the  other  two  sides.  In  sur- 
veying, triangles  having  any  angle  less  than  30°,  orjnore  than  150°, 
are  termed  ill-conditioned,  and  are  avoided.  The  measurements 
of  triangles  may  be  checked  by  the  following  methods: — By 
measuring  the  three  angles,  their  sum  should  be  180°;  a  tie  line 
being  drawn  from  one  of  the  angles  to  a  known  point  on  the 
opposite  side,  test  its  agreement  with  the  lengths  of  the  sides, 
either  by  measurement  on  the  plan  or  by  calculation;  when 
several  triangles  form  together  a  polygon,  the  internal  angles  of 
this  figure  should  equal  twice  as  many  right  angles,  minus  four, 
as  the  figure  has  sides ;  in  a  network  of  triangles,  lines  which  are 
common  to  two  triangles  may  be  calculated  from  two  independent 
sets  of  data — the  values  so  obtained  should  agree.  If  there  be  any 
unavoidable  error  in  the  angles  (after  allowing  for  spherical  excess 
if  necessary)  it  should  be  divided  equally  amongst  the  three 
angles.  In  the  absence  of  an  instrument  for  setting  out  right 
angles,  lines  may  be  marked  at  right  angles  to  each  other  by 
setting  out  a  triangle,  having  its  sides  so  proportioned  to  each 
other  that  the  triangle  shall  be  right-angled;  the  simplest  pro- 
portion is  3:4:5,  the  first  and  second  terms  representing  the 
ratio  between  the  sides  containing  the  right  angle. 

397.  Two  methods  are  used  in  surveying  with  the  chain — one 
is  that  by  distances  and  offsets;  this  method  is  that  employed 
as  a  rule  for  filling  in  details  of  surveys.  It  consists  in  measur- 
ing distances  in  a  straight  line,  and  measuring  from  this  line  the 
perpendicular  distances  of  objects  on  each  side  of  the  line,  these 
perpendicular  measurements  are  termed  offsets;  in  exceptional 
cases  oblique  offsets  are  used,  being  set  out  by  angular  measuring 
instruments.  The  lengths  of  the  offsets,  their  distances  apart 
measured  on  the  station  line,  and  the  side,  right  or  left,  of  that  line 
on  which  they  are  drawn,  being  known,  they  may  be  represented 
on  paper,  and  the  relative  positions  of  the  objects  to  which  the 
offsets  are  drawn  are  thus  determined.  Short  offsets  are  com- 
monly laid  by  the  eye,  and  may  be  measured  with  an  offset-staff, 
a  light  wooden  pole  ten  links  long,  divided  into  links  or  feet ; 
longer  offsets  are  correctly  set  at  right  angles  to  the  station  line 
with  the  optical  square,  cross  staff,  a  box  sextant  set  to  90°,  or 
other  means,  are  measured  by  the  chain,  and  are  seldom  made 
more  than  one  chain  in  length  when  accuracy  is  desired.  A  plan 
of  a  telegraph  line  along  a  road,  railway,  or  other  line  of  com- 
munication may  be  taken  by  this  method  with  sufficient  accuracy 
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for  practical  purposes  by  entering  the  distance  of  each  post  from 
the  road,  railway,  or  canal,  the  distances  between  the  posts,  and 
the  side  of  the  road  on  which  the  line  is  situated,  the  magnitude 
of  its  angles,  &c. ;  the  offsets  in  this  case  need  not  be  measured, 
they  may  be  guessed  in  most  cases  with  sufficient  accuracy  for 
use.  The  particulars  of  a  survey  by  distances  and  offsets  are 
entered  in  a  Field-book  in  the  following  manner: — A  line  or 
column  in  the  centre  of  the  page  represents  the  station  line, 
distances  measured  on  the  station  line  are  marked  on  this  line, 
the  lengths  of  offsets  and  objects  to  which  they  are  drawn  are 
entered  on  the  proper  side  of  the  station  line,  small  sketches  are 
introduced  to  give  full  particulars,  and  a  preliminary  sketch  is 
entered  to  shew  the  relative  positions  of  the  stations  and  the  signs 
by  which  they  are  distinguished.  In  order  that  forward,  back- 
ward, right  and  left,  in  the  field-book  may  represent  these  direc- 
tions on  the  ground,  the  pages  are  numbered  from  right  to  left, 
and  written  from  bottom  to  top.  The  field  book  for  a  rough 
survey  of  a  telegraph  line  has  a  central  column  representing  the 
road,  track,  railway,  or  canal,  and  a  column  on  each  side  to  repre- 
sent the  line;  the  lengths  of  offsets  are  put  on  the  proper  side  of 
the  road  column,  and  in  the  road  column  is  put  the  distance 
between  the  telegraph  posts ;  at  angles  the  sign  ^c  or  ^  is 
written,  shewing  if  the  angle  opens  to  or  from  the  road,  and  the 
magnitude  of  the  angle  is  stated,  differences  of  level,  height  of 
road  embankment,  villages,  obstructions,  tall  posts,  trees,  jungle, 
swamp,  &c,  are  shewn  by  being  written  in  words,  numerical  par- 
ticulars as  to  distance  from  the  line,  &c,  are  entered  approximately 
by  guess ;  but  at  rivers,  and  wherever  necessary,  measurements 
may  be  made  with  any  desired  degree  of  care.  By  these  means 
a  sketch  of  the  line  may  be  prepared  of  great  use  in  preparing 
estimates  for  repairs,  exhibiting  the  position  of  the  line  relative 
to  the  road  and  other  important  objects,  while  for  general  purposes 
no  greater  expense  need  be  incurred  than  the  nature  of  the  case 
demands ;  approximation  is  substituted  for  measurements,  except- 
ing in  the  case  of  the  actual  dimensions  of  the  telegraph  structure, 
or  where  the  circumstances  of  the  case  demand  a  greater  degree 
of  accuracy  than  this  method  affords.  The  second  method  by 
which  a  chained  survey  may  be  conducted  is  by  triangles,  or  by 
triangles  and  distances  and  opfsets  conjointly;  it  is  evident  if 
a  number  of  points  be  connected  by  lines  forming  a  network  of 
triangles,  and  these  lines  be  measured,  the  relative  positions  of 
the  points  are  determined,  and  may  be  represented  on  paper;  for 
if  the  respective  lengths  of  three  sides  of  a  triangle  be  deter- 
mined, the  angles  may  be  calculated  or  correctly  represented  on 
paper.     In  surveying  with  the  chain,  when  obstacles  are  met 
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with  which  cannot  he  chained  over,  a  line  passing  through  them 
can  only  be  measured  by  chaining  round  them,  or  by  laying  down 
one  or  more  triangles  so  connected  as  to  afford  data  for  calcu- 
lating the  required  distance  through  the  obstacle.  The  measuring 
of  the  sides  of  triangles  is  slow,  and  lines  on  the  ground  cannot 
be  so  accurately  measured  as  angles,  hence  surveying  with  the 
chain  is  iisually  confined  to  details.  Surveying  by  angular 
measurements  is  carried  out  by  the  method  of  triangles ;  but  as 
angles  are  measured  as  well  as  lines,  few  lines  are  measured,  the 
lengths  of  the  others  being  calculated.  The  commonest  case  is  that 
in  which  one  side  and  two  angles  of  a  triangle  are  measured,  and 
the  other  two  sides  and  one  angle-  are  either  calculated  or  plotted 
from  this  data  without  calculation.  This  mode  of  surveying  is 
more  accurate  than  chain  surveying,  better  adapted  to  large  areas 
and  long  lines,  is  more  expeditious,  particularly  in  measuring 
across  obstacles,  as  rivers,  <fcc,  and  it  is  therefore  used  for  the 
long  lines  and  principal  measurements  in  extensive  surveys,  the 
details  being  filled  in  by  means  of  the  chain,  as  already  stated. 
The  plane-table  is  very  useful  for  the  limited  surveys  required 
in  telegraph  construction,  such  as  in  surveys  of  river  banks,  for 
cable  huts  and  masts.  This  instrument  consists  of  a  drawing 
board  fitted  on  a  stand  and  furnished  with  a  spirit  level,  a  clamp 
and  tangent  screw,  and  a  ruler  with  sights,  termed  the  index. 
The  plane-table  is  used  to  survey  by  angular  measurements  :  a 
sheet  of  drawing  paper  is  strained  on  the  board,  the  board  is 
placed  horizontal,  and  the  angles  are  marked  in  the  field  directly 
on  the  paper  by  means  of  the  index. 

398.  The  operation  op  levelling  is  exceedingly  simple,  and 
consists  in  making  two  or  more  observations  (technically  termed 
sights)  with  the  levelling  instrument  at  the  same  place  or  station; 
the  levelling  staff  is  placed  upon  a  point,  the  level  of  which 
has  been  ascertained,  or  which  is  a  datum  point,  and  then  upon 
another  point  the  level  of  which  it  is  desired  to  ascertain,  the 
different  readings  shew  the  levels  of  the  two  points  relative 
to  each  other,  and  to  the  datum  point.  When  two  sights  only 
are  taken  from  each  station — viz.,  one  with  the  staff  on  a  point 
the  level  of  which  is  known,  and  one  on  a  point  the  level  of 
which  has  to  be  ascertained,  the  former  is  termed  the  back-sight 
and  the  latter  the  fore-sight;  when  more  than  two  sights  are 
made  from  the  same  station  the  first  is  termed  the  principal 
back-sight,  the  last  the  principal  fore-sight,  and  each  successive 
sight  is  a  fore-sight  to  that  which  was  taken  before,  and  becomes 
a  back-sight  to  that  taken  after  it,  a  back-sight  being  an  observa- 
tion of  the  staff  on  a  point  the  level  of  which  is  known,  a  fore-sight 
being  an  observation  of  the  staff  on  a  point  the  level  of  which 
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has  to  be  ascertained  by  comparison  -with  the  last  back-sight.  In 
levelling  it  is  necessary  to  make  a  correction  for  the  curvature  of 
the  earth  and  refraction  when  sights  are  taken  over  long  distances, 
but  the  error  may  be  neglected  for  sights  over  distances  up  to 
about  200  yards.  The  levelling  required  for  telegraph  purposes 
seldom  need  exceed  this ;  and  when  this  distance  is  exceeded,  as  in 
levelling  between  hills  or  across  rivers,  the  strictest  attainable 
accuracy  is  not  usually  required;  the  correction  when  necessary 
may  be  assumed  to  be  on  an  average — 

•56  (distance  in  miles)2; 

this  fraction  to  be  subtracted  from  the  reading.  Observations  to 
ascertain  the  heights  of  detached  points  are  termed  flying  levels, 
such  heights  are  written  on  the  plan.  Levelling  by  measuring 
angles  of  elevation  and  depression  is  used  for  taking  flying 
levels,  but  is  not  sufficiently  accurate  for  an  extensive  series  of 
connected  observations  in  which  a  high  degree  of  accuracy  is 
essential.  A  single  line  of  soundings  does  not  give  sufficient 
information,  two  or  more  lines  or  a  series  of  trial  soundings  are 
necessary;  the  latter  are  usually  sufficient,  but  the  former  are 
desirable  as  admitting  of  the  contour  lines  of  the  bottom  being 
put  in  the  plan.  For  engineering  purposes  the  measurements 
should  be  taken  in  feet  and  tenths  or  inches,  the  depth  of  water 
on  the  plan  may  be  marked  in  fathoms,  but  on  the  section  feet 
and  tenths  or  inches  should  be  used  exclusively.  The  direction 
of  the  current  may  be  found  by  dropping  a  light  body  into  the 
water  from  a  boat,  and  taking  the  angle  between  the  direction  in 
which  the  body  moves  and  a  line  ranged  on  shore.  The  velocity 
of  the  current  is  readily  measured  by  observing  the  time  taken 
by  a  floating  body  to  traverse  the  distance  between  two  stations 
a  known  distance  apart;  light  sticks,  weighted  at  one  end,  so  as 
to  float  upright,  are  usually  used  as  objects.  As  this  method  is 
a  rough  one,  several  trials  should  be  made  and  the  mean  taken. 
Surveys  for  sea  cables  are  made  by  nautical  surveyors  from 
ships  despatched  for  the  purpose ;  the  positions  of  the  ship  when 
the  soundings  are  taken  are  ascertained  by  the  means  usually 
employed  for  purposes  of  navigation.  Levels  and  soundings 
are  checked  by  going  over  them  again,  either  partially  or 
completely. 

399.  For  ordinary  purposes  the  only  drawing  instruments  re- 
quired are  a  good  pair  of  compasses,  spring  bows  for  small  circles 
and  measurements,  a  scale  preferably  of  metal,  a  graduated  flat 
ruler  for  long  lines,  and  a  small  divided  set  square  for  drawing 
and  measuring  offsets.  The  scale  most  useful  is  the  sector ;  a 
6 -inch  rectangular  protractor  having  engraved  on  it  scales  of 
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inches  and  a  scale  of  chords  may  be  used — it  is  inferior  in 
accuracy  and  usefulness  to  the  sector,  but  for  setting  out  angles 
it  saves  time.  "When  much  drawing  has  to  be  done,  set  squares, 
the  T  square,  the  parallel  ruler,  &c,  save  time,  but  they-are 
neither  portable  nor  essential ;  when  great  accuracy  is  desired  in 
plotting  surveys  and  in  executing  large  drawings,  beam  com- 
passes and  the  large  accurately-divided  circular  or  semi-circular 
protractor  are  necessary.  Proportional  compasses  are  used  for 
copying  on  a  reduced  or  enlarged  scale.  Straight  lines  are  ruled 
with  the  bow  or  ruling-pen,  measurements  are  pricked  off  with  a 
pricker,  consisting  of  a  needle  fixed  in  a  handle.  "Where  great 
accuracy  is  required  it  is  better  to  draw  in  ink  at  once,  but 
mechanical  drawings  are  usually  drawn  in  pencil  first,  and  the 
pencil  lines  inked  afterwards.  The  paper  to  receive  mechanical 
and  architectural  drawings  is  generally  damped,  pasted  on  a 
drawing  board,  and  allowed  to  dry  for  use ;  it  shrinks  in  drying 
and  forms  a  smooth  surface  to  draw  upon,  but  as  when  cut  from 
the  board  it  shrinks,  this  treatment  is  not  suited  to  paper  in- 
tended to  receive  surveyors'  plans  and  sections.  If  a  high  degree 
of  accuracy  is  necessary,  paper  to  be  mounted  on  cloth  should  be 
mounted  before  being  drawn  upon.  Descriptions  of  and  direc- 
tions for  using  drawing  instruments  and  scales  may  be  obtained 
from  any  of  the  numerous  works  on  the  subject,  as  Mr.  Heather's 
Mathematical  Instruments  in  Weale's  Series,  Mr  Burchett's  Prac- 
tical Geometry,  &c.  Before  commencing  to  represent  the  parti- 
culars of  a  survey  on  paper,  a  scale  should  be  drawn  in  order 
that  it  may  shrink  or  expand  with  the  paper;  on  sectional  draw-, 
ings  the  horizontal  and  vertical  scales  should  be  drawn  at  right 
angles  to  each  other,  in  order  that  if  the  paper  shrink  unequally 
in  its  two  dimensions  the  scales  may  shrink  proportionately. 

400.  For  plans  the  smallest  scale  which  admits  of  roads  and 
buildings  being  represented  distinctly,  is  6  inches  to  a  mile,  or 
tstftT'  *^e  nearest  decimal  scale  to  this  is  l6^oa,  or  6 "33 6  inches 
to  a  mile.  For  representing  telegraph  lines  on  common  roads 
and  railroads  the  scale  should  not  be  less  than  8  inches  to  a  mile; 
\  an  inch  to  the  standard  distance  between  contiguous  posts  is  a 
good  scale  for  such  plans.  For  plans  of  river  crossings  and  over- 
head town  lines  a  scale  of  100  feet  to  an  inch,  or  j^p  is  suit- 
able ;  but  for  intricate  towns,  and  underground  wires,  a  larger 
scale  is  necessary.  The  scale  of  ordnance  plans  of  the  most 
intricately  built  towns  is  44  feet  to  an  inch,  or  -^g.  For  sec- 
tions two  scales  are  almost  invariably  employed — viz.,  the  scale 
for  horizontal  distances,  which  should  as  a  rule  agree  with  that  of 
the  plan,  and  the  scale  for  heights,  or  vertical  scale.  As  differences 
of  elevation  are  as  a  rule  much   smaller  than   the  horizontal 
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measurements,  the  scale  of  heights  is  usually  greater  than  the 
horizontal  scale  in  a  proportion  termed  its  exaggeration;  this  pro- 
portion varies  from  6  or  7  to  16  or  18.  For  most  telegraph 
sections  a  scale  of  10  feet  to  an  inch,  or  T^,  is  suitable ;  with 
this  and  a  horizontal  scale  of  xwuxs>  tne  exaggeration  is  10. 

401.  In  geometrical  drawing  both  lines  and  angles  are  more 
correctly  drawn  when  of  large  size,  and  in  applying  the.  rules  of 
practical  geometry  the  diagrams  should  be  as  large  as  practicable 
" — e.g.,  in  setting  out  a  required  angle,  the  scale  of  chords  on  the 
ordinary  scales  being  small,  if  great  accuracy  be  desired,  instead 
of  using  one  of  these,  as  large  a  radius  should  be  taken  as  the  paper 
will  allow,  and  this  radius  multiplied  by  twice  the  sine  of  half 
the  required  angle  will  be  the  chord  required  ;  the  sine  may  be 
obtained  from  a  table  of  sines.  Similarly  in  drawing  a  perpen- 
dicular to  a  given  line  and  other  problems,  if  the  radii  or  other 
lines  used  in  the  constructions  be  taken  as  long  as  practicable, 
greater  accuracy  may  usually  be  attained  than  if  rules,  scales,  and 
set  squares  be  used ;  but  to  economise  labour  these  several  ap- 
pliances are  used,  excepting  when  great  accuracy  is  necessary.' 
Lines  are  more  accurately  set  out  by  beam  compasses  than  by 
ordinary  compasses.  Under  ordinary  circumstances  lines  may 
be  drawn  with  greater  accuracy  than  angles,  hence  in  plotting 
triangles,  when  great  accuracy  is  required,  the  lengths  of  the  sides 
are  calculated  and  the  triangle  drawn  with  three  given  sides,  thus, 
avoiding  the  necessity  for  drawing  the  angles  directly.  Chained 
triangles  are  drawn  by  measuring  off  the  three  sides.  The  prin- 
cipal triangles  in  trigonometrical  surveying,  when  great  accuracy 
is  desired,  are  usually  drawn  by  calculating  the  sides ;  this  plan 
is  pursued  in  drawing  great  triangles,  it  is  seldom  necessary  for 
telegraph  surveys  ;  when  less  accuracy  is  necessary  the  known 
side  or  sides  are  measured,  and  the  angles  are  protracted — i.e., 
drawn  by  means  of  a  protractor;  when  great  accuracy  is  neces- 
sary the  circular  protractor  with  a  glass  centre  is  used,  but  the 
rectangular  protractor  or  a  scale  of  chords  is  sufficiently  accurate 
for  most  telegraph  surveys.  -  Distances  and  offsets  are  plotted  by 
placing  a  scale  on  the  paper  parallel  with  the  station  line,  its 
divided  edge  marking  distances  on  this  line ;  and  sliding  along 
this,  a  short  scale  also  divided,  and  with  broad  ends  accurately 
at  right  angles  to  its  divided  edge,  or  a  similarly  divided  set 
square;  distances  on  the  station  line  are  measured  off  on  the  first, 
and  offsets  are  drawn  and  measured  off  by  the  short  scale  or  set 
square.  Oblique  offsets  are  protracted.  On  plans,  trees,  jungle 
hedges,  swamps,  nature  of  soil,  material  of  river  bottoms,  anchor- 
ages, &c,  are  represented  by  conventional  figures  or  written  in 
words ;  buildings  are  either  coloured  or  darkened  by  diagonal 
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lines,  water  is  represented  by  light-blue  with,  dark-blue  edges  ; 
railways  are  represented  by  a  thick  black  line  or  by  two  parallel 
lines ;  telegraph  lines  are  represented  by  lines  often  coloured 
with  conventional  marks  at  intervals  to  represent  posts,  the 
number  of  wires  may  be  written  on  the  plan,  or  when  few  repre- 
sented by  parallel  lines ;  masts  at  rivers,  cable  huts,  <fec,  are 
represented  by  little  figures  somewhat  resembling  the  objects, 
detached  levels  are  written  on  the  plan,  and  contour  lines  may 
be  represented  by  dotted  or  continuous  lines,  or  inclined  ground 
may  be  shaded,  the  depth  of  shade  varying  with  the  tangent  of 
the  angle  of  inclination  ;  hills  may  be  represented  by  hatching 
at  right  angles  to  the  contour  lines.  Plans  of  rivers  have  the 
depth  marked ;  this  is  sometimes  marked  in  dots,  single  dots 
signifying  one  fathom,  pairs  of  dots  two  fathoms,  &c.  High  and 
low  water  marks  may  be  marked  by  lines,  currents  are  marked 
in  direction  by  arrows,  and  their  velocity  marked  by  figiires 
placed  against  the  arrows.  Plans  of  tropical  rivers,  which  during 
the  rainy  season  are  greatly  swollen,  should  have  highest  flood 
level  and  maximum  velocity  of  current  shewn,  and  the  highest 
and  lowest  levels  of  the  water  during  the  year;  the  highest  known 
flood  level  should  also  be  shewn.  Lines  representing  water 
levels  are  really  contour  lines ;  irregularities  .  of  the  bottom 
should  be  shewn  by  contour  lines.  On  plans  should  be  marked 
lines  in  which  levels  and  soundings  have  been  taken,  bench 
marks,  &c,  so  as  to  identify  these  on  the  section.  On  a  sec- 
tion is  drawn  a  horizontal  line  representing  the  datum  level, 
on  this  is  marked  the  positions  of  bench  marks  and  other 
objects  the  levels  of  which  have  been  taken;  the  distances 
between  these  objects  should  correspond  exactly  with  the  dis- 
tances between  them  on  the  plan,  and  a  scale  should  be  marked 
on  the  horizontal  line.  In  representing  lines  of  soundings,  the 
points  where  the  soundings  were  taken  should  be  marked,  and 
the  water  level  at  the  line  may  be  shewn  by  a  blue  line ;  by  shew- 
ing the  positions  of  the  points  sounded,  the  reliability  of  the 
information  given  is  shewn;  in  no  case  should  a  line  representing 
the  bottom  of  a  river  be  drawn  without  thus  shewing  fully  the 
data  on  which  the  section  has  been  obtained.  When  an  embank- 
ment or  cutting  is  to  be  made  near  the  river,  as  for  erecting  an 
office  or  a  junction-house  for  the  end  of  the  cable,  or  erecting 
masts  with  deep  foundations,  the  depth  of  the  proposed  trench  or 
height  of  embankment  should  be  represented. 

402.  In  architectural  and  mechanical  drawing  perspective  pro- 
jection is  seldom  employed — it  is  then  employed  simply  to  shew 
how  the  object  represented  will  appear  when  completed,  and  is 
used  for  structures  in  which  elegance  of  appearance  is  important; 
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but  perspective  representations  are  not  prepared  for  the  use  of 
workmen,  as,  although,  if  correctly  represented  the  actual  dimen- 
sions of  the  object  may  be  obtained  from  the  drawing,  such  dimen- 
sions cannot  be  measured  off  directly — to  obtain  them  considerable 
knowledge  of  perspective  is  necessary.  Drawings  (sometimes 
shaded)  termed  perspective  representations,  but  not  drawn  by 
the  strict  application  of  the  rules  of  perspective,  are  sometimes 
used  to  convey  ideas  of  tools  and  similar  objects,  such  drawings 
should  be  avoided  as  often  useless  and  sometimes  misleading. 
Drawings  for  the  use  of  workmen  and  to  convey  ideas  of 
mechanical  and  architectural  objects,  should  be  orthographical, 
or  if  required  to  convey  general  ideas  isometrical  projections; 
as  by  these  means  alone  are  the  relations  between  the  several 
dimensions  of  the  objects  actually  represented  by  lines  on  the 
paper.  These  projections  do  not  represent  the  actual  appear- 
ances of  the  objects,  but  the  dimensions  of  the  objects  may  be 
obtained  by  direct  measurements  of  the  drawing.  As  a  rule, 
bodies  are  projected  on  three  planes — the  projection  on  the 
horizontal  plane  is  termed  the  plan,  those  on  vertical  planes  are 
termed  the  front,  back,  and  side  or  end  elevations,  and  projec- 
tions of  sections  are  used  when  necessary  but  for  most  objects 
the  above  are  sufficient.  An  instance  of  plan  and  section  have 
been  given  in  the  case  of  portions  of  the  earth's  surface.  Ortho- 
graphic and  isometrical  projections  may  be  considered  represen- 
tations of  objects  as  they  would  appear  if  seen  from  an  infinite 
distance  in  a  direction  at  right  angles  to  the  plane  of  projection. 
Projections  should  be  drawn  either  the  natural  size  or  to  scale; 
the  scale  should  be  drawn  on  the  paper  or  stated  in  words.  A 
common  way  of  expressing  the  scale  in  mechanical  drawing  is  to 
state  in  words  the  relation  the  dimensions  of  the  projection 
bear  to  those  of  the  object — e.  g.,  "scale  one-sixth,"  meaning  the 
•object  is  represented  one-sixth  of  its  natural  size.  As  a  rule, 
lineal  projections  are  sufficient  and  should  be  preferred,  shading 
should  only  be  used  when  necessary  to  convey  information. 
Shadows  are  assumed  to  be  caused  by  light  coming  over  the 
left  shoulder  of  the  draughtsman,  at  an  angle  of  45°  to  the 
plane  of  the  paper,  and  to  two  planes  at  right  angles  to  that 
of  the  paper  and  to  each  other  and  parallel  to  the  sides  and 
ends  of  the  paper  respectively;  shading  when  necessary  should 
be  done  in  accordance  with  this  conventional  rule.  The  object 
of  shading  may  often  be  attained  by  making  some  lines  thicker 
than  others,  as  in  many  of  the  figures  in  this  book — e.  g.,  in  fig. 
•54,  A  is  a  projecting  object,  B  a  hollow,  g,  i,  c,  and  d,  are  projec- 
tions, j  is  a  depression;  these  facts  being  rendered  evident  by 
the  difference  in  thickness  of  the  lines,  see  also  figures  55,  56, 
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and  73.     The  importance  of  the  rule  is  evident,  the  draughtsman 
knows  what  he  intends  to  convey  will  be  generally  understood 
without  explanation.     When  complex  objects  have  to  be  repre- 
sented  shading  is   useful.      When   objects  are  represented  in 
section,  the  sections  through  the  material  are  distinguished  by 
the  cut  surfaces  repi-esented  being  hatched  (see  fig.  53);  when 
several   different  pieces  are  represented   in    section  they  are 
frequently   distinguished    from   each   other  by   hatching    lines 
drawn  in  different  directions  (fig.  65).     Wood  is  usually  dis- 
tinguished in  section  by  lines  somewhat  resembling  the  grain  of 
the  wood  (fig.  44),  coloured  hatching  may  be  used  to  distinguish 
different  materials.      Materials    are   usually   distinguished    by 
colours   somewhat  allied  to  the  colour  of  the  material  repre- 
sented ;   thus,   copper  is   represented   by  brownish  red,   brass 
yellow,  &c;  a  special  material  may  be  distinguished  by  its  name 
being  written  on  the  part  of  the  drawing  representing  it.    When 
only  a  portion  of  an  object  is  represented  and  it  is  desired  to 
convey  this  fact,  the  edges  of  the  representation  may  be  drawn 
to  represent  broken  ends,  as  in  figs.  54,  55,  and  56.     Construc- 
tion lines,  measurements,  and  axial  lines  are  usually  drawn  in 
colour,  to  distinguish  them  from  the  representation  of  the  object. 
Symmetrical  objects  need  not  be  drawn  completely,  as  an  axial 
line  and  one  side,  or  in  circular  objects  a  sector  of  the  object  is 
usually  sufficient.     Drawings  for  workmen's  use  should,  when 
practicable,  be  drawn  full  size,  otherwise  they  should  be  on  as 
large  a  scale  as  practicable;  the  dimensions  should  be  shewn  in 
feet,  inches,  and  eighths,  these  being  the  measures  with  which 
workmen  are  familiar;  decimal  divisions  should  be  avoided  as 
less  likely  to  be  understood.     In  designing,  fractions  should  be 
avoided  in  fixing  the  dimensions.     The  elements  of  orthographic 
projection  are  very  simple,  and  therefore  easily  learned;  every 
workman  should  understand  plans  and  elevations,  but  it  some- 
times occurs  that  even  intelligent  men  do  so  only  when  assisted 
by  explanation;  in  all  cases,  therefore,  such  projections  should  be 
strictly  in  accordance  with  rule,  the  several  parts  and  materials 
should  be   carefully   distinguished,   and  the    drawings    should 
furnish  complete  information,  in  order  that  if  unintelligible  to 
the  workman  he  may  procure  the  necessary  explanation  readily. 
When  an  object  is  made  up  of  many  distinct  parts,  or  when  it  is 
very  complex  in  form,  isometrical  projection  is  of  great  utility  to 
convey  an  accurate  idea  of  the  object  in  its  entirety.     Ortho- 
graphic projections  of  telegraph   offices  are  usually  drawn  to 
exhibit  their  technical  arrangements,  for  the  use  of  the  chief 
engineer  and  the  officer  entrusted  with  their  care;  these  draw- 
ings should  exhibit  in  coloured  lines  the  positions  of  all  wires 
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placed  under  or  through,  the  floor,  walls,  and  ceiling,  that  wires 
placed  out  of  sight  may  be  readily  found  when,  required ;  they 
should  shew  the  distribution  and  patterns  of  the  several  instru- 
ments, &c.  The  arrangements  of  small  offices  may  generally  be 
very  readily  represented  by  isometrical  projection,  and  a  better 
general  idea  of  the  arrangements  conveyed  thereby  than  by 
means  of  plan  and  elevation.  In  India  drawings  of  all  lines 
are  kept,  the  plans  are  in  books  and  shew  the  situation  of  the 
line  with  reference  to  the  road,  railway,  track,  or  canal;  descrip- 
tion of  construction,  situations  of  angles,  and  details  of  villages, 
jungle,  swamp,  river  crossings,  store  houses,  testing  posts,  rest 
houses,  cable  huts,  water  supply,  labour  supply,  camping  ground, 
and  all  particulars  of  importance;  sections  of  cabled  rivers  and 
elevations  of  overhead  river  crossings  are  also  recorded.  These 
drawings  are  of  great  use  in  estimating,  executing  and  checking 
repairs,  and  inspecting  lines ;  they  are  not  costly,  as  they  are  not 
more  accurate  than  necessary  to  utility. 
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CHAPTER  I. 

CONSTRUCTION. 

Section  I. — General  Bemarhs  on  Designing. 

403.  In  designing  a  line  the  engineer  must  be  guided  by 
the  particular  circumstances  of  each  case;  if  the  line  is  only 
required  for  a  temporary  purpose,  as  during  military  operations, 
the  structure  should  be  of  a  less  expensive  description  than  when 
required  to  be  permanent.  Circumstances  may  render  it  neces- 
sary to  restrict  the  first  cost  of  the  line,  or  on  the  other  hand 
the  highest  attainable  degree  of  permanence  and  efficiency  may 
be  required  irrespective  of  cost.  If  a  line  is  only  the  commence 
ment  of  a  telegraph  system  in  a  country,  the  route  should  be 
chosen  with  reference  to  the  formation  of  a  system ;  while  if  it  be 
in  extension  of  such  a  system,  it  should,  if  possible,  be  so  chosen 
as  to  afford  an  alternative  route  to  the  traffic  in  case  of  accident 
to  the  lines  already  in  existence.-  Unless  for  purely  political 
purposes,  whenever  possible  a  line  should  be  constructed  through 
commercial  centres  rather  than  by  the  shortest  line  between  the 
termini  decided  on,  in  order  to  increase  the  revenue  from  local 
traffic  and  afford  facilities  of  communication  to  these  towns.  In 
designing  lines  along  railways  it  is  necessary  to  decide  the 
minimum  and  maximum  distances  of  the  posts  from  the  rails,  if 
the  line  shall  follow  the  curves  of  the  road  as  nearly  as  possible, 
the  headway  to  be  allowed  at  crossings,  and  the  sites  of  crossings. 
The  distance  of  the  line  from  the  rails  should  be  such  as  to 
a,dmit  of  the  telegraph  material  falling  clear  of  the  rails  in  case 
of  accident,  and  yet  near  enough  for  inspection  by  a  person 
travelling  by  train.  The  minimum  distance  is  greatly  contracted 
in  populous  countries  to  avoid  encroaching  on  adjacent  land; 
Blavier  states  there  should  not  be  less  than  1*50  metre  (nearly 
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5  feet)  between  the  wire  and  the  plane  of  the  nearest  rail ;  this 
distance  is  very  short,  and  only  warrantable  under  the  circum- 
stances stated.  The  h  eight  of  the  posts  should  be  considered, 
and  the  minimum  distance  increased  to  about  once  and  a  half 
the  length  of. the  post  whenever  practicable.  Railway  lines 
usually  follow  the  curves  of  the  road ;  they  may  be  shortened  by 
choosing  the  shortest  route  between  the  maximum  and  minimum 
distances  when  the  road  is  not  on  bank,  and  such  a  route  is  con- 
sequently almost  level.  The  headway  necessary  at  crossings  must 
depend  on  the  height  of  the  rolling  stock,  but  a  considerable 
excess  is  usually  allowed.  Regard  must  be  paid  to  the  existence 
of  banks  and  cuttings,  tunnels,  bridges,  <fec.  Lines  on  common 
roads  may  be  as  near  the  road  as  possible,  avoiding  encroach- 
ment ;  the  maximum  distance  from  the  road  should  be  such  as 
to  admit  of  inspection  from  the  road.  Road  lines  in  India  do  not 
usually  follow  the  curves  of  the  road,  but  are  constructed  on  the 
shortest  line  between  the  road  and  the  maximum  distance  on 
each  side  of  it,  cutting  the  curves  of  the  road ;  30  yards  from  the 
road  is  a  good  maximum  distance.  In  Europe  the  lines  follow 
the  curves  of  the  road  as  a  general  rule.  The  angles  and  road 
crossings  should  be  as  few  as  consistent  with  observance  of  the 
above  conditions,  and  the  headway  at  crossings  should  be  regu- 
lated according  to  the  traffic;  in  Europe  hay  and  vegetable 
waggons,  and  in  India  elephants  loaded  with  tents,  are  the 
tallest  objects  passing  on  common  roads,  excepting  in  Eastern 
towns,  in  which  large  objects  carried  in  processions  pass  along 
the  streets  during  festivals.  Where  roads  or  railways  exist, 
telegraphs  should  be  constructed  near  them  rather  than  across 
country,  for  facility  of  inspection ;  when  these  do  not  exist,  long 
straight  lines  along  the  shortest  route  are  not  always  the  best — 
the  best  route  is  that  offering  fewest  obstacles  to  inspection, 
carriage  of  materials,  and  electrical  efficiency  at  all  seasons, 
requiring  the  fewest  expensive  structures,  as  tall  masts,  &c, 
without  being  so  much  longer  than  the  direct  route  as  to  counter- 
balance these  advantages.  As  far  as  practicable  streams  should 
be  crossed  where  narrow,  and  near  fords  or  ferries ;  jungle  is  a 
permanent  source  of  expense,  and  swamps  render  the  line  un- 
approachable during  certain  seasons — these  should  be  avoided. 
Bridged  rivers  are  crossed  by  the  bridges,  unbridged  rivers  by 
cables  or  air  spans ;  the  class  of  crossing  chosen  must  depend  on 
the  result  of  a  survey  of  the  river,  and  the  relative  expense  of 
cable  or  air  span.  As  a  rule  air  spans  are  far  better  than  cables 
when  practicable.  Masts  may  be  placed  on  land  liable  to  inun- 
dation frequently  with  advantage,  provided  they  are  not  placed  in 
a  current  likely  to  prove  a  source  of  danger  by  bringing  down  drift- 
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wood  or  otherwise;  wooden  masts  so  situated  are  not  attacked  by- 
insects,  and  the  distance  between  the  masts  may  often  be  shortened 
by  choosing  such  sites.  As  masts  can  seldom  be  made  angle  posts, 
the  line  should  approach  the  masts  in  a  direct  line  with  the 
crossing ;  the  span  should  not  be  unnecessarily  lengthened  by 
crossing  the  stream  obliquely.  In  some  cases  masts  may  be 
erected  in  the  stream;  these  may  be  either  simple,  masts  or 
masonry,  or  screw  piles  braced  together  may  be  used  to  support 
a  mast,  according  to  the  nature  of  the  stream.  For  cables  it  is 
necessary  to  choose  a  line  in  which  the  bed  of  the  river  is  as 
stable  as  possible,  fre§  from  rocks,  and  not  near  an  anchorage, 
the  slower  the  current  the  better  ;  as  a  rule  the  cable  should  be 
shore  end,  and  should  be  laid  loosely  to  provide  for  scouring  and 
repairs.  When  expense  is  to  be  avoided,  junction  posts  may  be 
employed,  but  small  huts  of  galvanised  iron  or  other  suitable 
material  are  as  a  rule  better  for  containing  the  ends  of  the  cable 
and  land  line  and  the  lightning  dischargers.  Huts  offer  the 
advantages  of  being  available  for  use  as  dep6ts  of  tools  and  small 
stores,  for  testing,  or  as  temporary  offices  in  case  of  accident  to 
the  cable ;  these  huts  need  not  ordinarily  exceed  in  size  8  to  10 
feet  square ';  they  should  be  placed  on  high  ground,  natural  or 
made,  and  above  possible  flood  level.  The  cable  should  be  buried 
sufficiently  deep  between  low  water  mark  and  the  junction, 
to  protect  it  as  far  as  practicable  against  deterioration  from 
atmospheric  influences — 3  or  4  feet  is  usually  sufficient.  Por 
town  lines  it  is  necessary  to  consider  whether  the  line  should 
be  overhead  or  underground ;  overhead  lines  are  cheaper  when 
few  are  required,  when  a  great  number  of  wires  are  required 
underground  wires  are  usually  preferred. 

404.  In  Europe  posts  are  almost  exclusively  of  pinewood,  iron 
posts  being  used  exceptionally;  they  are  usually  injected,  sul- 
phate of  copper  and  creosote  being  the  substances  most  generally 
employed  as  preservatives.  These  posts  are  generally  considered 
more  economical  than  iron  in  Europe.  Creosoted  timber  appears 
most  durable;  posts  injected  with  sulphate  of  copper  appear  most 
durable  in  damp  situations,  those  injected  with  chloride  of  zinc 
do  not  last  long  in  calcareous  soils,  but  are  durable  in  sand.  In 
America  hardwood  posts  are  common,  the  base  of  the  post  is 
charred  and  sometimes  tarred ;  in  Asia  hard  wood  and  iron  are 
both  used.  "Wood  is  more  economical  than  iron  when  admissible, 
hence  its  general  employment  in  Europe;  but  in  tropical  coun- 
tries only  mature  wood  of  select  varieties,  without  sapwood,  can 
be  used  with  success.  It  has  been  predicted  that  in  time  only 
metal  posts  will  be  employed,  on  account  of  their  greater  dura- 
bility; it  is  contested  that  iron  would  certainly  last  ten  times  as 
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long,  and  not  cost  five  times  as  much  as  wooden  posts,  therefore 
in  the  end  the  employment  of  iron  must  result  in  an  immense 
saving ;  but  the  relative  economy  of  employing  iron  or  wood 
does  not  depend  on  the  relative  costs  and  durabilities  alone,  the 
engineer  must  decide  the  matter  in  each  particular  case.  Com- 
pared with  wooden  posts,  iron  posts  possess  the  advantages  of 
greater  permanence  of  form,  they  require  therefore  less  attention, 
and  from  their  uniformity  the  fittings  are  readily  accurately 
applied  or  altered  by  unskilful  workmen ;  they  are  generally 
lighter  and  more  portable — great  advantages  where  carriage  is 
very  expensive  or  difficult  to  procure ;  and  their  employment 
removes  all  uncertainty  due  to  the  employment  of  timber,  where 
only  selected  timber  will  resist  the  destructive  agencies  present; 
these  advantages  together  with  that  of  greater  durability  have 
led  engineers  to  employ  iron  posts  in  Asia.  In  Europe  iron 
poles  are  used  exceptionally;  hollow  iron  poles  are  commonly 
used  to  contain  the  connections  of  overhead  with  subterranean 
and  subaqueous  lines.  Cast-iron  poles  are  often  employed  for 
town  lines,  they  are  usually  ornamental,  and  may  be  bronzed  or 
painted  and  gilt;  they  are  usually  supported  on  masonry.  Iron 
poles  are  usually  of  cast  iron  at  the  lower  part  to  a  foot  or  more 
above  ground,  and  of  wrought  iron  above.  For  temporary  lines 
during  repairs,  &c,  bamboos  or  other  endogenous  wood  may 
be  used  with  advantage ;  an  excellent  mode  of  supporting  a  line 
is  to  tie  bamboos  together  to  form  shears,  burying  the  legs  9 
inches  or  1  foot,  and  placing  the  line  above  the  shears  opening 
across  the  line.  Posts  are  usually  buried  to  a  depth  varying 
with  the  nature  of  the  soil,  the  tension  on  wire,  the  height  of 
the  post,  and  whether  cross  feet  or  earth  plates  be  \ised  or  not, 
and  at  angles  whether  ties  be  used  or  not.  The  hold  of  a 
post  on  the  ground  may  be  increased  by  distributing  the  pressure 
by  means  of  timber  or  large  stones,  by  filling  in  the  hole  with 
stones  or  bricks,  or  by  inserting  the  post  in  masonry.  Ordinary 
posts  do  not  require  such  expedients,  but  tall  posts  which  cannot 
be  stayed  and  ai-e  yet  required  to  resist  a  transverse  load,  must 
be  very  firmly  fixed.  Two  large  stones  or  blocks  of  wood  are 
commonly  used  for  the  post  to  bear  against — one  is  placed  near 
the  top  and  the  other  at  the  bottom  of  the  pole  hole;  old  bricks 
or  stones  are  sometimes  used  to  fill  the  hole;  masonry  and  brick- 
work plinths  are  used  but  seldom,  and  then  to  support  orna- 
mental pillars  in  towns,  for  masts  placed  on  streams,  or  for  poles 
erected  on  rock.  In  India  lines  are  erected  over  rock  either  by 
fitting  the  pole  in  a  shallow  hole  jumped  for  the  purpose,  or  by 
erecting  cairns  round  the  poles.  The  following  are  examples  of 
posts  actually  used :— The  small  fir  poles  used  in  France  are  19-5 
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feet  long,  4-7  inches  diameter  at  base,  are  buried  4-92  feet,  they 
resist  safely  a  horizontal  force  of  48  lbs.  applied  at  the  top, 
61-72  lbs.  3-25  feet  from  the  top,  and  77-15  lbs.  6-5  feet  from  the 
top.  The  largest  poles  are  39  feet  long,  10  inches  diameter  at 
the  base,  they  are  buried  6-5  feet,  resist  safely  a  horizontal  load 
of  218  lbs.  applied  at  the  top,  of  242-5  lbs.  applied  3-25  feet  from 
the  top,  and  271  lbs.  at  6-5  feet  from  the  top;  the  posts  are 
conical  in  shape,  the  diameter  at  the  top  being  at  least  two-thirds 
that  at  the  base.  Prom  the  above  data  may  be  calculated  the 
strength  of  similar  poles,  the  strength  being  inversely  as  the  length 
and  directly  as  the  cube  of  the  diameter.  Masts  up  to  33  feet  long 
are  commonly  buried  6  feet  6  inches,  and  those  40  feet  long  8  feet. 
Masts  to  be  well  stayed  need  not  be  buried  more  than  8  feet, 
but  it  is  usual  and  preferable  to  bury  masts  from  75  to  110  feet 
long  10  feet  deep,  and  this  is  adhered  to  even  when  cross  feet  or 
earth  plates  are  used.  It  is  manifest  the  hold  on  the  earth 
should  not  exceed  the  transverse  strength  of  the  mast  or  pole, 
and  this  condition  has  been  overlooked  sometimes  in  designing 
earth  plates  and  cross  feet.  The  iron  posts  used  in  India  6  to 
8  inches  diameter  at  the  base,  standing  16  feet  clear,  and  fur- 
nished with  two  cross  feet  3  feet  long,  are  buried  about  3  feet, 
and  this  is  sufficient ;  it  is  sufficient  in  good  soil  without  cross 
feet  if  the  hole  be  bored,  the  breaking  strain  of  the  post  being  6 
cwt.  Siemens'  poles  to  stand  17  feet  clear  are  buried  2  feet  8 
inches ;  these  are  only  4  inches  diameter  at  base,  and  are  fitted 
with  earth  plates  1  foot  9  inches  square.  When  concave  earth 
plates,  as  buckled  wrought  iron  or  castings,  are  used,  the  trans- 
verse strength  is  greater  with  the  concavity  upwards,  but  in  soft 
soil  the  earth  plate  is  more  efficient  to  prevent  sinking  when  the 
concavity  is  downwards.  Earth  plates  are  usually  bolted  to  the 
post,  cross  feet  are  passed  through  holes  in  the  foot  of  the  post, 
cast  earth  plates  are  screwed  or  locked  to  the  post.  The  heights 
of  posts  are  regulated  according  to  the  number  of  pairs  of  cross 
arms  or  brackets,  and  the  height  required  above  ground ;  ordi- 
narily 14  feet  or  15  feet  is  sufficient  distance  between  the  lowest 
wire  and  the  soil.  Railways  and  military  lines  are  sometimes 
lower,  particularly  the  former ;  when  within  the  railway  fence 
the  distance  may  be  reduced  to  10  feet.  At  road  and  railway 
crossings  and  in  towns  higher  posts  are  necessary ;  on  houses 
short  posts  are  used,  usually  fitted  into  sockets,  and  held  by 
stays.  In  Prussia  iron  poles  are  only  used  on  bridges  and  for 
inserting  in  masonry  and  brickwork.  The  commonest  length  for 
wooden  poles  is  27  feet,  5  to  5-5  inches  diameter  at  top  for  inter- 
mediate, and  7  to  9  inches  for  angle  and  terminal  poles ;  when 
considerable  strength  is  required,  the  poles  are  coupled  to  form 
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a  triangular  frame.  The  Indian  wooden  lines  are  of  hard  wood; 
a  common  diameter  for  posts  of  sal  and  teak  is  6  inches,  with  a 
length  of  14  to  16  feet  from  the  ground;  terminal  posts  are  from 
9  to  12  inches  in  diameter.  The  wood  offers  nearly  twice  the 
resistance  to  a  transverse  load  offered  by  fir.  The  best  hard 
wood,  as  teak  and  sal,  sho\ild  be  mature  squared  timber;  5  inches 
square  is  large  enough  for  ordinary  posts  16  feet  long,  and  6  to 
9  inches  square  is  large  enough  for  terminals  and  other  poles  of 
the  same  length  required  to  resist  severe  transverse  loads.  If 
the  load  be  fixed  in  direction,  the  post  should  be  rectangular, 
and  its  longest  transverse  dimension  should  be  placed  in  the 
direction  of  the  load,  and  generally  the  strength  of  a  post  may 
be  increased  economically  by  increasing  one  dimension  only.  If 
posts  differ  in  strength  in  two  transverse  directions,  then  on 
straight  sections  of  line  they  should  be  placed  with  their  line  of 
greatest  strength  at  right  angles  to  the  alignment,  as  the  wires 
serve  to  support  the  post  in  the  other  direction ;  if  timber  has  to 
be  cut  up,  it  may  be  economically  cut  rectangular  rather  than 
square.  The  transverse  specified  strength  of  the  iron  posts  used 
in  India  is — for  the  Hamilton  16  feet  post,  about  500  lbs.,  but 
they  are  as  a  rule  stronger;  and  for  the  Siemens'  17-5  feet  post, 
560  lbs. ;  500  lbs.  is  the  minimum  strength  admitted  for  iron 
posts  in  India  whatever  their  height,  but  there  are  weaker  masts 
standing.  The  number  of  poles  per  mile  depends  on  the  number 
of  wires,  on  the  extra  strength  required  to  resist  frost,  <fcc. ;  on 
the  sharpness  of  the  curves,  particularly  when  ties  or  struts  are 
not  used  at  all  the  angles;  on  the  inclination,  if  any,  of  the 
ground,  and  the  existence  of  hills  conveniently  situated  for 
large  spans.  On  level  ground  sixteen  posts  per  mile  are  suffi- 
cient for  two  wires,  the  wires  being  strong  and  not  liable  to 
accumulations  of  frost ;  for  a  greater  number  of  wires,  and  when 
great  strength  is  necessary  to  resist  frost,  the  number  of  posts 
may  be  increased  up  to  thirty.  Some  engineers  recommend  up  to 
as  many  as  forty,  but  the  necessity  for  so  many  must  be  regarded 
as  very  exceptional  indeed.  In  Prussia  twenty-two  to  twenty- 
five  posts  per  mile  are  used  on  straight  lines,  and  more  on  curves 
bringing  the  average  to  twenty-six  to  thirty  poles  per  mile.  In 
India  the  number  of  poles  per  mile  is  ruled  by  an  empirical 
formula  ;  it  is  four  times  the  quotient  of  the  weight  of  wire  per 
mile  by  the  ultimate  transverse  strength  of  one  pole — 100  yards 
is  the  maximum  distance  permitted  between  the  poles.  The 
variations  necessary  on  inclines  and  curves  may  be  calculated 
for  each  mile,  and  the  extra  poles  necessary  for  road  crossings, 
and  to  raise  the  line  above  obstacles,  may  be  obtained  by  observa- 
tion; a  post  close  to  the  road  is  necessary  on  each  side  of  a 
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crossing.  Trussed  or  coupled  poles  are  used  to  enable  longer 
cross  arms  to  be  used,  and  thus  provide  for  a  greater  number  of 
■wires,  or  to  obtain  greater  strength  at  angles,  stretching  posts, 
and  terminals.  Increased  height  is  sometimes  gained  by  coupling 
two  or  three  poles  together,  and  supporting  another  pole  by  the 
combination  ;  as  a  rule,  a  single  large  pole  is  cheaper  than  a  com- 
bination, and  should  be  used  when  obtainable.  Stronger  poles 
are  often  used  for  angles  and  draw  poles  than  for  intermediate 
poles;  when  angle  poles  are  fitted  with  ties  they  need  not 
generally  be  stronger  than  intermediate  poles,  the  tie  and  inter- 
mediate pole  together  offering  a  resistance  to  transverse  strain 
enormous  as  compared*with  the  additional  resistance  it  is  pos- 
sible to  confer  by  using  a  stiffer  pole ;  even  in  metal  poles,  in 
which  the  strength  can  be  regulated  economically,  the  draw  poles 
and  angle  poles  are  not  made  more  than  twice  as  strong  as  inter- 
mediate poles.  As  a  general  rule,  additional  transverse  strength 
is  more  economically  conferred  by  a  tie  than  by  using  a  stronger 
pole,  or  coupled  or  trussed  poles ;  sometimes  stronger  poles  are 
used  together  with  wire  ties  for  angles,  and  they  are  very  gen- 
erally combined  for  terminals.  When  the  wire  is  stopped  at 
each  insulator  draw  poles  are  not  necessary,  and  they  are  not 
used  so  frequently  as  formerly;  but  many  engineers. prefer  to  use 
them,  and  consider  their  disuse  a  mistake.  They  are  really  useful 
for  town  lines,  particularly  when  the  number  of  wires  is  large  ; 
but  they  are  objected  to  as  expensive,  because  they  are  rendered 
unnecessary  by  the  practice  of  stopping  the  wire  at  each  insu- 
lator, and  with  some  kinds  the  insulation  is  inferior.  Three 
or  four  draw  posts  per  mile  is  about  the  average,  in  towns  the 
number  used  is  greater  according  to  the  conditions  to  be  ful- 
filled. At  a  stretching  or  draw  post  the  wire  is  fixed  but  not 
actually  terminated,  and,  excepting  in  case  of  accident,  the  ten- 
sion on  one  side  is  balanced  by  equal  and  opposite  tension  on  the 
other.  It  is  necessary  to  employ  terminal  poles  at  offices,  cable 
junctions,  and  at  long  spans,  such  as  river  crossings.  A  terminal 
pole  may  be  an  ordinary  pole  strongly  tied  by  ties  placed  opposite 
to  the  loads,  or  a  stronger  pole  with  or  without  a  tie  or  ties,  or  a 
coupled  or  trussed  post;  this  should  be  decided  after  calculation. 
In  many  cases  the  stronger  or  compound  poles  may  be  dispensed 
with  at  a  considerable  saving  in  favour  of  an  ordinary  pole  tied. 
Poles  of  pinewood  any  given  length  do  not  differ  much  in 
strength :  hence  tying,  trussing,  or  coupling  are  employed  neces- 
sarily. Metal  poles  offer  the  additional  alternative  of  increasing 
their  strength  by  increasing  the  section  of  metal,  or  altering 
their  proportions.  Poles  intended  to  bear  vertical  pressure  only 
should  of  course  be  placed  vertical ;  when  subjected  to  trans- 
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verse  stress  a  rake  towards  the  direction  from  which  the  strain- 
ing force  acts  is  advantageous,  the  only  objection  to  it  is  the 
unsightly  appearance  of  the  line — the  advantage,  in  any  case, 
may  be  readily  ascertained  by  application  of  the  triangle  of 
forces.  The  cases  in  which  rake  is  given  are  when  violent  gales 
may  be  expected  from  a  certain  direction,  when  poles  are  erected 
on  a  curve  and  not  held  by  ties,  and  angle  posts  are  sometimes 
inclined  towards  their  anchors  when  held  by  ties ;  in  the  first 
and  third  cases  rake  is  not  necessary.  Well -constructed  lines  in 
India  resist  the  most  violent  storms  with  vertical  poles.  The  only 
case  in  which  angle  poles  should  be  inclined  is  when  straining 
screws  are  not  used  in  the  ties ;  the  rake  should  be  very  slight 
indeed.  In  the  second  case  mentioned  above,  posts  may  be  raked ; 
but  it  should  be  remembered  the  gain  is  very  slight,  the  ratio  "be- 
tween the  transverse  resistances  of  the  erect  and  the  inclined  posts 
being  inversely  as  unity  to  the  sine  of  the  angle  of  inclination. 

405.  Stays  are  used  to  keep  poles  vertical  in  order  to  prevent 
transverse  stress,  they  are  used  for  masts  at  river  crossings  and 
for  very  tall  posts  generally;  stays  termed  "cross  stays"  are 
also  used  sometimes  at  regular  intervals  along  lines  erected  in 
places  where  violent  storms  occur.  These  stays  are  erected  in 
pairs  at  right  angles  to  the  direction  of  the  wire,  a  pair  being 
erected  about  every  quarter  of  a  mile;  they  are  seldom  used, 
but  may  be  employed  with  advantage  sometimes  when  many 
wires  are  erected  on  tall  posts;  cross  stays  are  not  usually  fitted 
with  straining  screws,  nor  attached  to  the  posts  by  clamps. 
Stays  and  ties  are  usually  connected  to  the  poles  by  means  of 
clamps  or  clips,  and  at  their  lower  end  to  anchors  buried  in  the 
ground;  they  are  frequently  fitted  with  straining  screws  for 
tightening  them,  the  straining  screw  being  inserted  in  the  stay 
or  tie  about  5  feet  from  the  ground.  The  stay  or  tie  proper 
may  be  of  iron  rod,  single  wire,  or  wire-rope;  as  wire-rope 
rusts  rapidly  when  buried  the  buried  portion  should  be  of  rod 
or  the  thickest  wire.  Rod  stays  .  are  usually  heavier  in  pro- 
portion to  strength  than  wire  stays.  They  are  sometimes  made 
with  hooks  to  connect  them  with  the  anchor,  straining  screw, 
and  collar ;  but  unless  the  rod  is  much  thicker  than  required  for 
tensile  strength  these  hooks  open  when  strained,  hence  forged 
rings  or  eyes  should  be  preferred.  Single  wire  ties  are  unreliable, 
and  should  not  as  a  rule  be  employed,  if  however  such  be  used 
the  eyes  should  not  be  made  by  twisting  the  wire  round  itself, 
but  by  bending  it  round  and  binding  it  with  binding  wire,  as  in 
making  a  Britannia  joint;  the  thin  wire  should  be  put  on  with 
a  mallet,  and  instead  of  finishing  off  as  in  a  Britannia  joint,  its 
ends  should  be  twisted  together  and   bent   down.      Iron-wire 
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stays  are  often  made  of  pieces  of  line  wire,  and  stays  are  economi- 
cally made  by  twisting  two  or  three  thick  wires  together  by 
hand ;  in  doing  this  the  wires  should  be  twisted  sufficiently  to 
prevent  slipping  one  on  the  other  when  strained;  they  should 
be  stretched  and  twisted  from  one  or  both  ends,  as  in  ropemakiug 
by  hand,  a  tap  with  a  hammer  being  applied  to  close  any  strand 
seen  to  rise.  A  wire-rope  made  of  thin  wires  should  be  spliced 
to  form  an  eye,  and  such  eyes  should  be  made  over  moulds  or 
dead-eyes  of  wrought  iron,  to  prevent  them  collapsing  when 
strained.  Stays  for  masts  are  usually  spliced  in  this  manner, 
but  sometimes  inferigr  work  is  used  for  ordinary  poles.  Eyes 
should  not  be  formed  in  wire-rope  by  twisting  the  strands  round 
the  rope,  the  end  may  be  secured  by  a  long  and  tight  serving  of 
wire,  or  by  this  combined  with  a  simple  eye-splice,  the  strands 
being  passed  only  once  through.  In  making  an  eye-splice  on 
wire-rope  short  servings  of  wire  should  be  applied  before  and 
after  the  strands  have  been  passed  through  the  rope,  the  first 
keeps  the  strands  together  at  the  eye  while  the  splice  is  being 
made,  the  second  fastens  down  the  ends ;  a  serving  mallet  and  a 
marlinespike  are  necessary  to  make  a  good  splice.  Splices  when 
finished  should  be  painted,  oiled,  or  tarred,  as  the  galvanising  or 
varnishing  on  the  wire  is  damaged  by  splicing ;  they  should  not 
be  made  short  so  as  to  kink  the  wire,  and  the  marlinespike  may 
with  advantage  be  wedge-shaped  rather  than  pointed;  when  dead- 
eyes  are  omitted  eyes  should  be  somewhat  flat,  or  they  may 
cause  inconvenience  by  flattening  when  strained,  and  thus 
allowing  the  stay  to  stretch.  Ties  are  fastened  to  posts  by 
saddles  or  clamps,  or  sometimes  in  the  case  of  wire  stays  by  an 
eye  being  turned  at  the  end  of  the  stay  round  the  post;  collars 
are  sometimes  simply  a  continuous  ring  of  iron,  the  post  is  made 
conical,  and  the  collar  is  passed  over  it  and  slipped  down  as  far 
as  it  will  go ;  continuous  collars  are  suited  to  iron  posts,  these 
being  uniform  in  size  and  not  liable  to  alteration  by  weathering 
of  the  external  layers ;  but  wooden  posts  differ  in  size,  and  a 
shoulder  should  be  cut  to  support  the  ring  and  prevent  it  from 
slipping  down  as  the  post  shrinks  or  decays;  nails  and  staples 
are  sometimes  used  for  this  purpose,  but  are  not  to  be  recom- 
mended. Open  collars  or  clips  fitted  with  ears  for  a  bolt,  or 
collars  formed  of  two  saddle  pieces  clamped  round  the  post  by 
two  short  bolts  passed  through  ears,  have  the  advantage  of  being 
adjustable,  and  are  in  general  use  in  India.  A  ring-bolt  passed 
through  the  post  and  nutted  or  clenched  on  the  opposite  side  is 
used  because  cheaper  than  a  collar,  but  it  is  inferior  in  strength 
and  durability,  it  is  objectionble  as  hastening  decay  of  the 
wood,  and  as  rendering  it  unsafe  earlier  when  decay  has  occurred. 
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Collars  on  wooden  masts  should  have  bolts  for  tightening  them, 
and  in  addition  a  shoulder  of  wood  should  be  cut  for  them  to 
rest  on  when  practicable.  Great  care  should  be  bestowed  on 
fitting  the  collars  to  high  masts,  as  the  mast  may  be  rendered 
unsafe  by  the  slipping  of  a  collar,  and  the  collar  may,  by  holding 
the  fibres  together,  materially  increase  the  durability  of  a  mast 
when  badly  weathered.  Stays  and  ties  may  be  fastened  to 
masonry  and  brickwork  by  means  of  ring-bolts  passed  through 
or  into  the  masonry  at  right  angles  to  the  tension ;  pieces  of 
durable  wood,  brackets  of  cast  iron,  or  projecting  stones,  may  be 
let  into  the  masonry  to  form  points  of  attachment;  when  neces- 
sary the  force  should  be  distributed  by  means  of  iron  plates  or 
timber,  the  unsuitability  of  masonry  and  brickwork  to  resist 
tension  should  not  be  lost  sight  of.  "When  brickwork  chimney 
stacks  and  similar  structures  are  made  use  of  to  support  lines, 
or  as  attachments  for  stays  or  ties,  their  tenacity  may  be  increased 
by  encircling  them  with  bands  of  iron,  and  their  stability  by 
staying  them  or  by  tying  them  in  a  direction  opposite  to  that  of 
the  transverse  load  they  are  required  to  resist.  Ties  are  some- 
times anchored  to  logs  of  wood  buried,  or  to  stout  pickets  of 
timber;  the  inferior  durability  of  timber  under  such  circum- 
stances should  be  considered ;  when  wooden  posts  are  used  wooden 
anchors  are  admissible,  as  the  anchor  will  last  as  long  as  the 
post,  but  if  iron  posts  be  used  stone  or  iron  anchors  should  be 
employed.  When  procurable  on  or  near  the  work  large  stones 
form  excellent  anchors,  they  are  attached  by  several  turns  of 
thick  wire  and  buried.  Broken  castings  may  be  used  as  anchors, 
such  as  pot  sleepers,  the  cast  iron  segments  of  posts  broken  in 
transport,  &c,  these  are  applied  in  the  same  manner  as  stones. 
Anchors  proper  are  either  of  cast  or  wrought  iron,  cast-iron 
anchors  are  usually  saucer-shaped,  with  a  hole  in  the  centre 
across  which  a  stout  wrought-iron  pin  is  inserted  in  the  casting 
to  form  a  point  of  attachment  in  the  tie,  the  end  of  the  tie  is 
attached  by  bending  an  eye  round  the  pin.  Buckled  plates  of 
wrought  iron  are  used  as  anchors,  they  are  attached  to  an  earth 
rod  passed  through  a  central  hole  and  nutted  on  the  opposite 
side;  this  rod  has  'an  eye  or  hook  at  the  other  end  to  which  the 
wire  tie  is  attached.  Wrought-iron  anchors  are  much  lighter 
than  those  of  cast  iron,  but  they  are  less  durable  and  more 
expensive.  Anchors  should  be  buried  in  a  plane  at  right  angles 
to  the  load,  and  with  their  concave  side  towards  the  tie;  they 
need  not  exceed  18  inches  in  diameter,  nor  be  buried  in  ordinary 
soil  lower  than  3  to  4  feet.  Care  should  be  taken  in  putting  in 
anchors  that  the  stay  be  not  bent  against  the  edge  of  the  anchor 
hole,  because  in  this  case  when  the  earth  is  softened  by  rain  the 
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stay  will  become  slack,  a  notch  should  be  cut  in  the  edge  of  the 
hole  to  admit  of  the  stay  being  perfectly  straight  from  the  anchor 
to  the  collar.     Stays  should  be  placed   as   nearly  as  possible 
opposite  to  the  force  to  be  resisted,  thus  at  terminal  poles  the 
brackets  are  usually  placed  in  the  alignment,  if  however,  a  long 
cross  arm  be  used  placed  at  right  angles  to  the  alignment,  the  tie 
may  be  branched  and  attached  one  branch  to  each  end  of  the 
cross  arm ;  in  the  case  of  a  number  of  brackets  on  a  post,  a  stay 
may  be  branched  and  one  branch  fixed  above  the  other  below 
the  brackets.   When  it  is  desirable  to  place  stays  above  insulators, 
they  can  seldom  be  anchored  sufficiently  distant  from  the  post  to 
clear  the  insulator.     I»  India  this  case  is  met  by  attaching  the  tie 
to  a  short  arm  fixed  at  right  angles  to  the  pole,  but  this  diminishes 
the  efficiency  of  the  tie  by  rendering  it  more  nearly  vertical ;  a 
double  tie  the  branches  of  which  are  kept  apart  by  a  short  strut 
brace  so  as  to  clear  the  bracket,  one  branch  of  the  tie  passing  on 
each  side  of  the  bracket  or  insulator,  may  be  used.     When  a  post 
is  so  near  a  building,  that  a  single  tie  cannot  be  anchored  in  the 
proper  direction,  two  ties  may  be  used  instead  of  one.     Some- 
times ties  are  forked  in  a  vertical  plane,  being  attached  to  the 
pole  at  two  points  in  its  length,  and  joined  to  form  a  single  tie 
above  the  ground  line ;  these  branch  ties  should  have  the  branches 
as  long  as  practicable,  the  lower  part  attached  to  the  anchor 
should  have  a  ring  or  eye  at  its  upper  end  through  which  the 
piece  forming  the  branches  is  passed  and  is  free  to  move.    Double 
ties  should  be  so  placed  that  the  resultant  loads  on  them  act  as 
that  on  a  single  tie.     The  tension  on  a  tie  and  the  pressure  on 
a  tied  pole,  may  be  expressed  in  terms  of  the  tension  on  the  line 
by  means  of  the  triangle  of  forces.     On  consideration  it  will  be 
evident  that  ties  anchored  close  to  posts  are  less  efficient  than 
when  anchored  more  distant,  hence  ties  and  stays  should  not  as 
a  rule  be  anchored  nearer  the  post  than  one-third  the  height  of 
the  attachment  of  the  stay  above  the  ground.     In  ordinary  poles 
half  the  height  of  the  pole  or  somewhat  more  should  be  allowed 
between  the  pole  and  the  anchor,  and  mast  stays  may,  when 
ground  is  available,  be  spread  still  more.     At  terminal  poles  the 
ties  should  be  anchored  a  pole's  length  from  the  foot  of  the  pole. 
Small  oval  linked  chain  and  jointed  rod  are  used  for  mast  stays, 
these  are  applicable  to  lower  masts.     For  tightening  stays  strain- 
ing screws  are  necessary,  and  without  them  or  an  equivalent 
contrivance,  stays  cannot  be  properly  tightened;  hence  all  stays 
should  have  straining  screws,  excepting  cross  stays.    Angle-pole 
ties  may,  however,  be  tightened  without  straining  screws,  by  erect- 
ing the  pole  very  slightly  inclined  towards  the  anchor,  fitting  the 
tie,  burying  the  anchor,  and  then  pulling  the  pole  upright  in 
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order  to  tighten  the  tie.  Terminal  poles  fitted  with  two  ties  on 
opposite  sides  need  only  one  screw ;  one  tie  may  be  put  in  without 
a  screw  as  for  an  angle  pole,  and  the  two  ties  tightened  by  the 
screw  on  the  other.  Mast  stays  might  be  tightened  in  the  same 
way  by  using  one  screw  for  each  pair  of  stays,  but  in  this  case 
a  screw  should  be  used  for  each  stay;  because  the  stays  being 
long  require  a  great  length  of  screw  to  tighten  them,  large  masts 
cannot  be  moved  conveniently  to  tighten  the  stays,  and  an 
accurate  adjustment  is  essential.  Heavy  stays  to  lower  masts 
may  be  hauled  tight  and  fixed,  the  screw  being  dispensed  with, 
but  the  screw  should  be  preferred.  Screws  are  commonly  in- 
serted in  angle  ties  for  convenience  in  making  adjustments  from 
time  to  time,  and  to  place  the  post  more  accurately  vertical  than 
is  otherwise  possible,  but  they  are  expensive.  Stays  and  ties  to 
ordinary  posts  may  be  tightened  by  raising  the  clamp  and  wedg- 
ing it  up ;  this  is  applicable  to  continuous  collars  and  iron  posts, 
it  is  cheaper  than  using  screws,  but  less  convenient,  it  is  applied 
to  the  Siemens'  pole.  When  ties  are  used  without  screws  or  other 
contrivance  for  adjusting  them,  the  post  should  remain  slightly 
inclined  towards  the  anchor  when  the  wire  is  mounted  and 
tightened  to  allow  for  possible  slight  dragging  of  the  anchor, 
flattening  of  the  eyes  of  the  tie,  &c. ;  slightly  conical  iron  poles 
made  up  of  several  sections,  joined  by  being  fitted  one  within  the 
other,  should  be  stayed  or  tied  with  care  when  the  joints  are 
numerous  or  the  poles  are  high  ;  such  poles  when  above  30  feet 
long  shorten  after  erection,  hence  they  should  be  first  stayed 
temporarily  for  a  short  time,  and  the  permanent  stays  adjusted 
after  the  post  joints  have  been  closed  by  the  weight  and  tighten- 
ing of  the  temporary  stays.  Straining  screws  are  made  of  several 
patterns,  some  have  a  double  male  and  two  female  screws  which 
act  together,  others  have  only  a  single  male  and  female  screw ;  a 
solid  and  compact  form  should  be  preferred,  as  some  kinds  are 
liable  to  fail  where  welded  at  shoulders ;  they  are  usually  turned 
by  using  a  rod  of  iron  as  a  lever.  The  opening  for  insertion  of 
the  lever  should  be  large  enough  to  admit  a  crowbar  or  other  stiff 
rod  available,  the  female  screw  should  be  long  enough  to  prevent 
the  worm  being  torn  off.  The  straining  screw  unless  well  made 
is  a  source  of  weakness.  In  one  form  of  straining  screw  a  simple 
ratchet  tooth  and  notch  are  so  arranged  that  the  screw  cannot  be 
loosened  while  the  stay  is  tight,  it  cannot  therefore  be  loosened 
by  mischievous  persons.  Screws  are  more  necessary  in  towns 
than  outside  of  them,  as  they  render  it  easier  to  effect  adjustments 
rapidly  and  accurately  in  a  confined  space.  Tying  is  preferred  to 
strutting,  but  when  the  latter  becomes  necessary  for  iron  poles, 
L  or  T  iron  struts  may  be  used,  and  for  wooden  poles,  wooden 
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struts ;  but  increased  strength  is  usually  gained  in  the  wooden 
posts  by  coupling  two  posts  into  the  form  of  the  letter  A,  this 
expedient  is  in  general  use  in  England,  France,  and  Germany. 

406.  Pole  holes  may  be  bored  or  dug ;  when  cross  feet  or 
earth  plates  are  necessary  the  holes  are  necessarily  dug.  Bored 
holes,  or  holes  jumped  with  a  crowbar  or  khuntie,  have  the  ad- 
vantages of  being  accurately  placed,  being  small  unskilled  labour 
may  be  employed  for  erecting  the  poles;  the  pole  is  erected  cheaply 
and  quickly,  because  little  ramming  is  necessary,  it  is  strong 
because  the  earth  is  left  undisturbed  near  the  pole,  and  in  many 
cases  cross  feet  and  earth  plates  may  be  dispensed  with.  When 
holes  are  dug  they  may  be  square  or  circular,  or  long  and  narrow, 
it  being  necessary  to  allow  sufficient  room  for  the  workman  to 
use  his  tools  in  the  hole,  and  for  the  cross  feet  or  earth  plate  if  any ; 
to  remove  as  little  earth,  and  depart  as  little  from  the  site  marked 
for  the  pole  as  practicable.  The  long  holes  are  usually  placed 
with  their  longest  diameter  in  the  alignment,  but  sometimes 
across  it — the  former  appears  preferable  to  the  latter.  Holes  for 
poles  without  cross  feet  may  be  most  economically  dug  long  in 
the  alignment,  being  made  narrow  at  one  end,  so  as  just  to  receive 
the  post,  the  bottom  should  be  made  in  steps,  the  narrow  end 
being  the  deepest,  the  depth  at  the  narrow  end  should  be  com- 
pleted by  jumping  ;  this  hole  is  conveniently  shaped  for  raising 
the  post,  comparatively  little  earth  is  removed,  the  alignment 
cannot  be  departed  from,  the  post  is  very  firm  immediately  after 
erection,  and  comparatively  little  ramming  is  necessary.  The 
above  mode  of  digging  is  described  by  M.  Blavier ;  Shaffner  states 
holes  are  dug  in  America  2  feet  with  a  shovel,  15  inches  wide,  and 
then  3  feet  with  an  auger.  Holes  may  be  jumped  with  a  khuntie 
or  jumper,  or  bored  with  an  auger. 

407.  After  erection  the  poles  may  be  numbered,  this  numbering 
is  very  useful  and  costs  but  a  trifle.  Sections  of  line  are  best 
distinguished  by  the  stations  between  which  they  run  ;  the  poles 
on  each  section  may  be  numbered  in  series  distinguished  by 
letters  of  the  alphabet,  numbers  being  used  to  distinguish  the . 
poles  in  each  series ;  a  good  method  is  to  measure  the' line,  and 
mark  on  the  nearest  post  to  each  complete  mile  its  distance  from 
the  station  started  from,  in  miles  and  furlongs  measured  on  the 
line,  and  also  the  number  of  poles  in  the  same  distance;  by  this 
system  the  length  of  line  and  the  number  of.  poles  are  given  at 
the  end  of  each  mile,  and  any  pole  may  be  described  by  its  num- 
ber, and  the  number  of  the  mile  in  which  it  stands.  It  is  not 
necessary  to  number  every  pole,  one  pole  per  mile  is  generally 
sufficient ;  the  numbers  or  letters  should  be  large,  they  are 
usually  put  in  the  form  of  a  fraction,  and  should  be  painted  in 
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conspicuous  durable  paint  on  the  side  of  the  post  exposed  to 
view  from  the  road,  rail,  canal,  footpath,  or  other  track  near  the 
line  ;  when  no  such  track  exists  the  numbers  should  all  face  one 
way  with  reference  to  the  direction  of  the  line.  Lines  have 
usually  a  distinctive  number  in  a  printed  list,  in  which  the  route 
of,  and  stations  on,  each  line  are  stated,  and  by  this  number  the 
lines  are  distinguished  in  estimates  and  other  records.  Lines  may 
be  distinguished  by  circuit  numbers,  these  are  given  from  the  chief 
office  and  are  applied  to  particular  wires  according  to  convenience. 
Lines  are  also  known  by  numbers  distinguishing  them  by  their 
relative  positions  on  the  poles,  and  underground  wires  usually 
have  each  a  distinguishing  number.  Wooden  poles  should  be 
stamped  with  date  of  erection. 

408.  Insulators  are  either  fastened  to  poles  directly  by  their 
stalks  or  by  ears  or  saddles  formed  of  the  procelain  or  by  expan- 
sion of  the  metal  cover,  or  they  are  supported  by  brackets  or 
cross  arms.  Insulators  fixed  to  poles  directly  by  their  stalks 
have  the  stalks  either  pointed  or  formed  into  a  male  screw,  to  be 
inserted  into  the  wood  of  the  post,  or  they  may  be  flattened  and 
fastened  to  the  wood  by  a  binding  of  wire,  or  by  screws  passed 
through  holes  made  for  their  reception ;  to  keep  the  cup  clear  of 
the  post  the  stalk  is  bent  twice  at  right  angles,  or  into  an  S 
curve.  When  insulators  are  attached  by  procelain  ears  screws 
are  passed  through  the  ears  into  the  wood ;  when  they  are  attached 
by  the  metal  bell  the  metal  of  the  bell  is  expanded  into  ears, 
through  which  screws  are  passed,  or  into  a  saddle,  which  may 
partially  embrace  the  post  and  be  bolted  on  each  side  by  bolts, 
passed  also  through  a  second  insulator,  or  through  a  metal  saddle; 
or  a  long  bolt  bent  round  the  post  may  be  passed  through  the 
ears  of  the  insulator,  and  secured  by  two  nuts,  one  at  each  ear. 
Light  insulators  for  military  lines  are  usually  attached  directly 
to  the  posts  by  their  caps  or  stalks ;  when  attached  to  living  trees, 
screws  should  be  used  in  preference  to  binding  with  wire,  as  the 
latter  kills  the  tree.  Insulators  are  attached  to  wooden  posts  by 
spikes,  but  screws  should  be  preferred.  In  France  the  insulator 
stalks  are  spiked  to  the  poles,  in  Prussia  the  insulator  stalk  is 
screwed  into  the  pole.  Insulators  are  commonly  supported  by 
brackets  or  cross  arms,  the  brackets  used  are  mostly  of  malleable 
cast  iron  galvanised,  seldom  of  wrought  iron,  ordinary  cast  iron 
is  not  usually  suitable,  a  hollow  form  is  adopted  to  combine 
strength  with  lightness  ;  the  best  mode  of  attachment  to  the  post 
is  by  means  of  ears,  the  brackets  being  used  in  pairs,  and  clamped 
round  the  post  by  two  bolts;  this  mode  of  supporting  insulators 
is  employed  in  India.  With  wooden  posts  projections  on  the 
bracket  are  inserted  in  the  wood  of  the  post,  to  prevent  the 
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brackets  sinking  -when  the  wood  shrinks  or  gets  weathered  ;  the 
brackets  may  be  fixed  by  wood  screws  to  wooden  posts,  or  they 
may  be  made  in  pairs  with  a  ring  between  them  to  be  passed 
over  the  post,  but  bolts  are  better.     When  only  one  bracket  is 
required  on  the  same  level  on  each  pole,  then  a  bent  bolt  or  a 
saddle  may  be  used,  as  described  above  for  fixing  insulators  when 
used  without  brackets.     On  wooden  poles  the  insulators,  when 
numerous,  are  supported  by  cross  arms  of  oak,  the  stalks  of  the 
insulators  are  placed  in  holes  in  the  cross  arms,  and  the  latter  are 
bolted  to  the  pole  by  bolts  passed  through  the  cross  arm  and  pole. 
This  mode  of  support  is  in  general  use  in  England.     The  oaken 
arms  should  be  well  oiled  and  painted.    Sometimes  insulators  are 
placed  on  the  tops  of  the  poles ;  lightning  spike  sockets  when 
such  are  placed  on  the  tops  of  the  poles,  should  be  the  same  size 
as  the  bracket  sockets  for  the  insulator  stalks,  as  a  line  may  then 
be  erected  if  necessary  on  the  top  of  the  poles  by  fitting  insulators 
instead  of  lightning  spikes  in  the  cap  sockets.     Insulators  on  the 
tops  of  poles  are  liable  to  injury  from  lightning,  a  lightning  rod 
should  project  above  the  insulator.     Lines  should  not,  as  a  rule, 
be  erected  on  the  tops  of  the  poles,  but  by  so  placing  a  wire  a 
considerable  saving  may  sometimes  be  effected  in  erecting  an  odd 
number  of  wires.    Brackets  and  cross  arms  are  a  more  expensive 
mode  of  supporting  insulators  than  by  either  lengthening  the 
insulator  stalk  or  expanding  the  procelain  cup  or  metal  guard  of 
the  insulator,  to  form  insulator  and  bracket  in  one  piece ;  but  the 
former  are  more  convenient,  as  carrying  more  wires  and  admit- 
ting of  removal  of  the  insulators  when  injured  or  for  cleaning. 
For  light  temporary  lines,  the  insulator  and  bracket  may  be  in 
one  piece  with  advantage.     To  fix  many  lines  against  a  wall 
sometimes  a  short  pole  is  fixed  to  two  or  more  brackets  let  into 
the  brickwork]  this  is  common  in  tunnels  and  overground  town 
lines.     Sometimes  on  bridges  poles  are  supported  on  brackets  let 
into  the  brickwork,  these  brackets  are  merely  pieces  of  timber  or 
iron  brackets  built  into  the  bridge  and  supported  by  oblique 
struts,  usually  resting  on  the  projection  of  a  string  course  below; 
but  the  wires  are  more  commonly  supported  on  long  brackets 
projecting  from  the  oiitside  of  the  bridge,  built  into  the  masonry 
or  brickwork,  or  bolted  to  the  wood  or  ironwork,  according  to  the 
material  of  the  bridge.  Oblique  struts  should  be  used  on  masonry 
bridges,  excepting  when  the  weight  of  masonry  above  the  point 
of  insertion  of  the  bracket  is  considerable,  or  the  number  of  lines 
very  few;  and  on  iron  girder  bridges  either  clips  should  be  used, 
or  care  should  be  taken  to  put  bolts  only  in  the  compressed  flanges 
of  the  girders.     "When  many  wires  are  erected  on  the  same  line 
of  poles,  brackets  or  cross  arms  render  it  possible  to  use  lower 
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poles  than  could  be  used  -without  them.  Cross  arms  may  he 
strengthened  when  long  by  oblique  struts  bolted  to  them  and  to 
the  pole.  Cast-iron  poles  usually  have  large  cast-iron  ornamental 
brackets,  either  cast  with  the  pole  or  bolted  on ;  cast-iron  brackets 
are  sometimes  used  for  fixing  in  masonry  and  brickwork,  they 
should  be  annealed.  The  minimum  distance  allowed  between 
the  wires  is  1  foot,  but  it  is  better  to  allow  at  least  18  inches, 
as  multiple  lines  are  liable  to  contact  if  the  wires  be  nearer.  In 
order  to  separate  the  wires  and  diminish  the  injurious  effects  of 
the  breakage  of  a  wire  as  much  as  possible,  the  brackets  are 
arranged  in  various  ways  on  the  poles ;  and  when  several  lines 
are  borne  by  insulators  screwed  or  spiked  to  the  poles,  the 
insulators  are  not  fixed  in  pairs  on  the  same  level,  but  those  on 
one  side  of  the  pole  alternate  with  those  on  the  other.     Figs.  15, 

76,  77,  78,  79  represent  com- 
mon modes  of  arranging  cross 
J       .  °     arms  and  brackets ;  in  fig.  75 
5  the  greatest  number  of  wires 

being  on  the  lowest  bracket,, 
and  the  number  diminishing 
on  each  bracket  to  the  top  one, 
if  a  wire  break  it  is  more 
77.  78.  79.  likely  to  be  a  low  one,  because 
the  average  height  is  less 
than  if  the  brackets  were  of  equal  length,  and  the  resultant 
of  the  load  is  placed  lower  on  the  pole.  Fig.  76  has  the  advan- 
tage of  placing  a  greater  average  vertical  distance  between 
the  wires,  and  also  reducing  the  liability  to  contact  in  the 
case  of  breakage  of  a  wire.  Insulators  should  be  so  arranged 
on  brackets  that  the  wires  may  not  be  directly  over  each 
other,  brackets  carrying  single  insulators  may  be. of  different 
lengths ;  and  cross  arms  carrying  several  insulators  should  have 
the  insulators  so  arranged  that  the  wires  on  one  cross  arm  should 
not  be  in  the  same  vertical  planes  as  those  on  the  cross  arms 
immediately  above  and  below  respectively  on  the  same  post. 
Malleable  cast-iron  brackets  are  often  made  unifoi-m  in  size 
regardless  of  the  number  to  be  used,  so  that  several  wires  are 
placed  in  the  same  vertical  plane,  and  if  an  upper  one  break  it 
falls  over  those  beneath;  it  is  better  to  have  such  brackets  of 
unequal  lengths,  a  pair  of  brackets,  to  consist  of  a  long  one  and  a 
short  one,  and  the  long  and  short  brackets  so  arranged  as  to 
alternate  with  each  other  on  each  side  of  the  post.  Wires  may 
also  be  separated  by  using  curved  brackets  in  pairs,  each  pah- 
being  arranged  as  in  fig.  79;  the  wires  are  farther  apart,  and  as 
wires  on  the  same  level  are  liable  to  touch  and  even  twist  together 
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in  the  centre  of  the  span,  it  is  of  great  advantage  to  place  them 
in  different  horizontal  planes  when  the  distance  between  them 
is  short  or  the  span  long.  Fig.  78  represents  the  arrangement  of 
insulators  adopted  generally  in  France.  In  India  when  the  span 
exceeds  120  yards  no  two  wir,es  on  the  same  post  are  placed  in 
the  same  horizontal  plane,  but  the  arrangement  shewn  in  fig.  78 
is  adopted ;  for  shorter  spans  the  wires  are  usually  placed  in  pairs 
on  the  same  level,  and  the  brackets  are  uniform  in  length  ;  but 
when  the  lines  are  very  numerous  and  cast-iron  poles  are  em- 
ployed, long  arms  are  used,  arranged  as  in  fig.  75.  When  many 
wires  are  erected  on  the  same  poles,  great  care  is  necessary  in 
arranging  them  to  avoid  liability  to  contacts  without  inordinately 
increasing  the  length  of  or  distances  between  the  brackets. 

409.  The  essential  parts  of  an  ordinary  insulator  are — a  bell, 
or  several  concentric  bells  of  porcelain  or  brown  stoneware, 
usually  highly  glazed,  and  a  stalk  of  wrought  iron  or  steel 
cemented  in  to  support  both  insulator  and  wire  or  only  the 
wire.  Several  bells  are  employed  to  increase  electrical  effi- 
ciency, they  are  as  a  rule  formed  in  one  piece.  The  porcelain 
cup  is  sometimes  protected  by  a  hood  of  ordinary  or  malleable 
cast  iron.  The  insulator  is  supported  and  fixed  to  the  post  either 
by  the  hood,  which  is  at  one  part  expanded  into  a  saddle  with 
ears  or  otherwise  adapted  by  its  shape  to  the  purpose,  or  it  is 
supported  by  its  stalk,  which  is  fitted  into  a  hole  in  the  bracket 
arm  or  pole  roof.  The  wire  is  supported  and  secured  in  the  case 
of  a  hooded  insulator  by  lugs,  grooves  on  the  hood,  or  by  a  hook 
on  the  lower  end  of  the  stalk,  and  in  uncovered  insulators  by 
grooves  or  notches  on  the  bell.  The  wire  is  secured  to  the 
insulator  by  wire  serving,  cams,  wedges,  or  by  winding  the  wire 
round  the  bell  in  a  groove  for  the  purpose.  The  slightest  crack 
in  the  insulating  material  is  sufficient  to  greatly  impair  its 
efficiency  (electrically),  a  patch  of  the  glaze  should  be  ground 
off  before  testing  an  insulator.  The  object  of  a  fine  glaze  is  to 
hinder  the  adhesion  of  dust  and  assist  in  its  removal  by  rain. 
Double  bell  insulators  are  more  difficult  to  clean,  and  more 
liable  to  become  inhabited  by  insects  than  single  bells,  but  their 
insulating  property  is  higher,  and  they  are  hence  preferred  for 
long  lines.  For  short  local  lines  in  towns  single  bells  may  be 
used,  they  are  sufficiently  good  as  insulators,  easier  to  clean,  less 
liable  to  get  dirty,  cheaper  and  commonly  stronger  than  double- 
cup  insulators.  The  inner  cups  of  insulators  are  made  shallower 
than  the  outer  cups,  and  when  more  than  two  cups  are  used  the 
innermost  is  the  shallowest;  more  than  two  are  seldom  employed. 
The  stalks  of  insulators  should  be  of  wrought  iron  or  steel,  they 
are  usually  galvanised,  slightly  tapered  towards  the  lower  end  to 
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fit  the  socket  of  the  bracket;  terminal  and  angle  insulator  stalks 
are  sometimes  secured  in  the  bracket  by  a  nut  screwed  on  the 
stalk  under  the  bracket,  and  intermediate  insulators  are  com- 
monly secured  by  a  piece  of  wire  laid  in  a  groove  on  the  stalk 
below  the  bracket,  and  its  ends  twisted  together ;  but  if  a  line 
be  properly  marked  out,  the  weight  of  the  wire  is  sufficient  to 
keep  the  insulators  down,  and  the  necessity  for  fastenings  may 
be  regarded  as  exceptional.  The  thickness  of  the  stalk  should 
be  such  as  to  enable  it  to  resist  the  transverse  load  at  the 
acutest  angle  permitted  on  the  line,  and  care  should  be  taken 
that  the  cement  used  is  not  one  likely  to  destroy  the  porcelain 
by  expanding.  The  iron-hooded  insulators  used  in  India  will 
carry  a  5^  B.W.G.  wire  at  an  angle  of  30°.  Sometimes  the 
stalks  of  insulators  are  covered  for  a  short  distance  with  ebonite 
to  improve  the  insulating  property;  but  the  utility  of  this  is 
doubtful,  as  the  coating  soon  strips  off,  probably  by  reason  of 
the  sulphur  attacking  the  iron.  When  the  wire  is  suspended 
from  the  insulator  by  the  stalk,  a  hook  is  turned  on  the  stalk  to 
receive  the  wire;  to  prevent  the  latter  being  lifted  out  the  hook 
is  sometimes  formed  by  bending  the  end  of  the  stalk,  into  a 
helix.  When  it  is  required  to  fix  the  wire  to  the  stalk  it  is 
suitably  shaped,  and  fitted  with  eccentric  cams,  openings  for 
wedges,  or  pressure  screws.  The  end  of  the  stalk  fitted  in  the  bell 
is  roughed  or  grooved,  and  the  inside  of  the  bell  is  grooved  to 
assist  the  action  of  the  cement.  If  the  quality  of  the  materials 
and  nature  of  the  joint  be  considered,  it  will  be  obvious  suspen- 
sion of  the  wire  from  the  stalk  is  inferior  in  strength  to  the 
combination  in  which  the  wire  is  supported  on  the  bell,  and  the 
bell  on  the  stalk;  and  in  the  latter  case,  injury  to  the  porcelain 
which  loosens  the  stalk,  is  not  so  likely  to  entail  fall  of  the  wire. 
Insulators  supported  on  their  stalks  may  be  broken  into  many 
pieces,  and  the  tops  may  be  entirely  removed  by  lightning,  and 
even  under  these  circumstances  the  wire  very  seldom  falls  if  the 
binding  be  well  put  on,  or  if-  the  iron  hood  be  not  entirely 
removed.  Insulators  may  or  may  not  be  covered  or  partially 
covered  with  an  outer  cup  or  hood  of  metal;  some  insulators 
are  made  very  thick,  and  have  no  metal  covering,  others  have  a 
metal  cap  only,  while  others  have  either  a  continuous  or  a 
perforated  metal  bell  cover,  forming  an  outer  bell  covering  the 
porcelain.  The  metal  covering  is  cemented  to  the  porcelain  in 
the  same  manner  as  the  stalk,  but  frequently  with  an  inferior 
cement;  it  is  frequently  of  cast  iron,  but  malleable  cast  iron  is 
far  better,  and  more  economical  in  use.  The  principal  uses  of 
the  metal  covering  "are — -Firstly,  To  strengthen  and  protect  the 
porcelain  from  blows ;  secondly,  to  hold  the  porcelain  together  in 
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the  event  of  it  being  actually  cracked  or  broken;  thirdly,  to 
form  and  carry  lugs,  cams,  screws,  grooves,  saddles,  &c,  neces- 
sary to  hold  and  secure  the  wire  and  to  fix  the  insulator  to  the 
post;  the  properties  of  porcelain  being  such  that  these  cannot 
be  formed  of  that  material,  but  must  be  formed  of  metal  and 
applied;  hence,  if  the  insulator  be  required  of  any  but  a  very 
simple  form,  a  metal  cap  or  cover  is  a  necessity,  while  its  employ- 
ment not  only  diminishes  the  risk  of  breakage,  but  it  prevents, 
as  a  general  rule,  the  immediate  consequences  of  such  breakage. 
Fourthly,  The  metal  cover  hinders  radiation,  and  diminishes 
therefore  the  deposit  of  dew  on  the  porcelain.  "When  the  line 
wire  is  bound  to  every  insulator  by  wire  passed  round  a  neck  or 
groove  of  the  insulator,  the  porcelain,  if  cracked,  is  held  together 
by  the  binding  without  the  presence  of  a  hood.  The  usual 
form  assumed  by  the  metal  cap  is  either  a  bell  similar  in  shape 
to  the  bells  of  porcelain,  or  it  is  merely  a  cap  covering  the  top  of 
the  porcelain,  the  porcelain  below  this  cap  being  freely  exposed. 
The  object  of  having  the  hood  pierced  with  large  holes,  as  in 
some  patterns,  is  to  admit  rain  in  order  that  the  porcelain  may 
be  washed  thereby,  and  so  combine  this  excellence  of  the  un- 
covered with  the  greater  strength  of  the  covered  insulator.  In 
Europe  iron-hooded  insulators  are  seldom  used;  but  in  Asia,  and 
generally  when  the  lines  are  situated  in  regions  subject  to  severe 
storms,  and  where  frequent  inspection  is  impracticable,  iron- 
hooded  insulators  are  preferred.  A  swinging  insulator  for 
attachment  to  living  trees  has  been  invented  by  Colonel 
Chauvin,  but  it  does  not  appear  to  be  in  general  use — 
it  does  not  differ  in  principle  or  general  form  from  the 
insulators  described  above,  excepting  in  being  suspended. 
Insulators,  although  the  same  in  principle,  are  made  of  many 
patterns  and  several  sizes,  according  to  the  ideas  of  the  in- 
ventors and  the  purposes  for  which  required;  of  the  different 
patterns  some  are  made  with  long  narrow  bells  particularly 
Clark's  pattern,  some  patterns  are  rather  conical  than  bell- 
shaped,  others  are  nearly  cylindrical,  some  have  the  head 
perfectly  cylindrical.  In  some  patterns,  particularly  those 
without  hoods,  the  wire  is  laid  in  a  side  groove  or  neck,  or  in  a 
top  groove,  while  those  with  hoods  generally  carry  the  wire  on 
lugs,  on  the  top,  or  by  the  stalk.  In  Varley's  pattern  the  edge 
of  the  cup  is  of  a  form  calculated  to  throw  off  water  (fig.  66);  in 
some  patterns  the  cups  are  separated  by  an  inch,  in  others  they 
are  less  than  half  an  inch  apart.  The >  porcelain  is  in  some 
patterns  much  thicker  than  in  others,  being  usually  thicker  when 
no  hood  or  only  a  cap  of  metal  is  used.  White  ware  is  used 
most,  but  brown  ware  is  also  used ;  the  brilliancy  of  the  glaze 
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and  vitreous  appearance  of  the  fracture  differ  in  different  patterns. 
Insulators  differ  considerably  in  size,  some  patterns  being  much 
larger  than  others,  but  the  very  large  heavy  patterns  formerly 
used  are  not  now  employed.  Most  patterns  are  made  in  different 
sizes;  the  smallest  sizes  are  only  used  for  military  lines,  and 
■when  the  -wire  is  very  small,  as  12  to  16  or  20;  the  next  sizes  are 
used  for  intermediate  insulators  on  ordinary  lines  according  to 
the  size  of  the  wire ;  and  the  largest  and  strongest  are  used  for 
terminal  poles,  draw  poles,  control  or  testing  poles  to  support 
shackles  and  winding  drums,  and  sometimes  for  angles.  Insu- 
lators should  be  tested  by  a  steady  load,  and  by  a  suddenly 
applied  load,  as  their  efficiency  depends  in  a  great  measure  on 
their  power  to  resist  shocks.  It  was  formerly  a  general  practice, 
and  it  continues  so  with  some  engineers,  to  fix  the  wire  to  the 
insulator  at  intervals  of  four  to  ten  poles,  leaving  it  free  to  slip 
through  the  other  insulators ;  at  present  a  common  practice  is  to 
fix  the  wire  to  every  insulator  by  means  of  binding  wire  put  od, 
often  with  a  mallet  of  peculiar  shape,  in  a  manner  differing  with 
the  pattern  of  insulator  used;  this  practice  has  many  advan- 
tages, it  checks  the  wire  in  case  of  breakage,  it  prevents 
inequality  of  tension  due  to  alterations  of  temperature  between 
unequal  spans,  it  prevents  some  classes  of  accidents,  is  cheaper 
than  employing  stretching  insulators,  and  performs  their  office 
more  generally.  In  some  stretching  insulators,  however,  the 
wire  is  held  at  two  points,  a  ring  of  spare  wire  between  these 
points  is  thus  always  available  for  repairs — this  is  the  case  in 
Siemens'  pattern ;  breaking  of  the  wire  is  an  accident  which 
occurs  very,  seldom  indeed,  and  it  does  not  appear  necessary 
therefore  to  provide  for  it  in  this  manner.  Small  drums  and 
ratchets  are  sometimes  used,  supported  by  a  strong  insulator,  for 
tightening  the  wire  when  necessary,  and  for  allowing  slack  after 
accidents;  these  winders  are  used  less  often  than  formerly. 
Sometimes  posts  at  intervals  are  fitted  with  a  double  bracket 
carrying  two  insulators,  both  in  the  alignment  of  the  same  wire, 
these  are  termed  testing  or  control  posts,  brackets,  and  insu- 
lators ;  the  wire  from  each  side  is  fixed  to  a  separate  insulator, 
and  the  solution  of  its  continuity  between  the  insulators  is 
bridged  by  thin  wire,  or  by  the  two  ends  of  the  line  wire ;  a 
screw  clamp  is  used  to  connect  the  thin  wires,  and  frequently  the 
ends  of  these  wires  are  furnished  with  discs  faced  with  platinum ; 
this  arrangement  is  to  admit  of  the  line  being  disconnected  for 
testing  it,  or  signalling  along  it  in  sections  or  from  particular 
points.  The  purposes  of  a  control  post  are  fulfilled  by  a  cheaper 
and  more  simple  arrangement — viz.,  a  prolate  spheroid,  or  in 
common  language  an  "egg-shaped"  body  of  porcelain  or  stone- 
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wave,  having  two  grooves  round  its  greatest  circumference  at 
right  angles  to  each  other,  is  inserted  in  the  line,  by  cutting  the 
wire  making  two  eyes  linked  together,  and  inserting  the  testing 
ball  between  them,  so  that  the  wire  lies  in  the  grooves ;  this 
causes  a  solution  of  electrical  continuity  in  the  conductor,  and 
the  interval  is  bridged  by  thin  wires  fitted  with  platinum  discs, 
held  together  by  a  screw;  this  arrangement  is  cheaper  and  lighter 
than  employing  two  insulators.  A  testing  ball  or  some  equiva- 
lent arrangement  is  usually  placed  at  intervals  when  the  offices 
on  the  line  are  few;  10  or  12  miles  apart  is  near  enough  in 
a  long  line.  The  testing  balls  should  be  placed  near  towns  not 
having  offices,  and  a"t  the  posting  stages,  rather  than  in  out-of- 
the-way  places.  One  of  these  testing  balls  should  always  be 
erected  on  one  or  both  sides  of  every  large  river  span,  but  is  not 
necessary  at  cable  crossings,  as  the  wire  may  be  disconnected  at  the 
junction  with  the  cable.  At  river  spans,  as  the  land  line  and 
crossing  wire  must  be  stopped,  if  a  separate  insulator  be  used  for 
the  line  on  each  side,  then  a  pair  of  platinum  contacts  may  be 
used  between  the  insulators  to  bridge  the  interval.  "When  extra 
strength  is  required  in  the  insulator  two  insulators  may  be  placed 
in  the  alignment  and  coupled  together  by  wire  or  a  clamp ;  this 
arrangement  is  often  used  at  very  long  spans,  the  coupled  insu- 
lators at  the  terminals  are  placed  to  project  above  the  top  of  the 
pole,  it  is  useful  when  large  insulators  are  not  at  hand ;  but  care 
should  be  taken  to  so  couple  the  insulators  that  they  act  together 
to  resist  the  load.  At  terminals,  unless  otherwise  provided  for 
by  cam  or  wedge  fittings  to  the  insulators,  the  wire  is  best 
secured  by  making  a  ring  to  pass  round  the  head  or  neck  of  the 
insulator.  In  general,  whenever  the  insulator  has  to  bear  a 
transverse  load,  it  should  be,  together  with  the  post,  in  the  angle 
formed  by  the  wire,  the  neck  or  head  of  the  insulator  and  not 
the  lugs  or  projections  on  it  carrying  the  load  directly.  Insu- 
lator stalks  should  fit  bracket  sockets  tightly  enough  to  prevent 
shaking,  or  the  porcelain  may  be  cracked;  the  bracket  socket 
and  the  insulator  stalk  should  both  therefore  be  slightly  conical. 
One  pattern  insulator  has  the  stalk  fixed  in  the  cups  with  tow 
dipped  in  a  preservative,  instead  of  being  rigidly  fixed  by  cement, 
to  prevent  fracture  of  the  porcelain  by  expansion  of  the  stalk  or 
cement,  or  by  shocks ;  in  another  pattern,  a  female  screw  socket 
having  a  solution  of  continuity  in  its  circumference,  is  cemented 
into  the  porcelain,  and  the  stalk  is  screwed  in,  the  stalk  not 
fitting  tightly.  The  objection  to  the  tow  is  the  liability  to 
shrink  and  decay,  while  the  other  mode  of  fixing  is  more  expen- 
sive, and  probably  less  efficient,  than  well-chosen  cement,  hence 
the  use  of  cement  is  very  general. 
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410.  When,  however,  at  a  sharp  angle  the  post  cannot  be 
placed  in  the  angle  made  by  the  wire,  if  near  a  thoroughfare, 
a  stout  wire  may  be  fixed  to  the  pole  above  and  below  the 
insulator  to  serve  as  a  guard  to  catch  the  wire  in  the  event  of  it 
getting  loose  from  the  insulator ;  the  necessity  for  a  wire  guard 
is  exceptional,  a  single  guard  is  sufficient  for  any  number  of 
wires  on  the  same  pole.  For  terminating  the  wire  a  class  of 
insulator  termed  a  shackle  is  frequently  employed ;  these  are 
much  used  in  town  lines  in  Europe  for  terminating  overhead 
lines  at  offices,  and  for  angles  at  which  it  is  desirable  to  termi- 
nate the  wire ;  they  serve  as  testing  or  control  insulators,  but 
being  inferior  in  the  insulating  property  to  ordinary  insulators, 
and  more  expensive,  they  are  more  usually  employed  on  short 
lines,  and  then  as  seldom  as  possible.  The  best  pattern  is  that 
in  which  a  double  bell  of  porcelain  is  fixed  between  two  plates 
of  iron  by  a  bolt  passed  through  its  axis ;  the  wire  is  fastened 
round  the  neck  of  porcelain  between  the  bells,  these  latter 
serving  as  rain  caps.  The  mechanical  conditions  in  the  shackle 
are  better  than  in  the  ordinary  insulator,  but  as  already  explained, 
the  latter  should  be  preferred  when  practicable.  At  offices  when 
a  shackle  is  used  to  obtain  a  solution  of  continuity  in  the  con- 
ductor, two  porcelain  double  bells  are  used.  A  very  inferior 
form  of  shackle  is  one  in  which  simple  reels  or  drums  of  porcelain 
are  substituted  for  the  double  bells ;  such  shackles  should  not  be 
used,  as  they  are  very  imperfect  insulators. 

411.  For  aerial  lines  iron  wire  is  used.  In  Europe  No.  8 
B.W.G.,  diameter  -17  inch  or  4-31  millimetres,  weighing  389  lbs. 
per  mile,  may  be  considered  about  the  medium  size  employed; 
the  largest  size  usually  used  is  probably  No.  4,  diameter 
•24  inch  or  6-l  millimetres,  weight  775  lbs.  per  mile ;  No. 
3  is  used  occasionally.  In  India  No.  1  was  used,  but  its  use 
has  been  discontinued,  and  most  of  it  replaced  by  lighter 
wire,  the  standard  size  is  5|;  No.  12  is  the  smallest  size  com- 
monly used;  No.  16  maybe  used  for  special  purposes,  but  in 
short  lengths,  and  very  seldom.  In  America  No.  9  is  the  com- 
monest size,  7  and  8  are  used,  and  6  is  used  occasionally.  In 
Prussia  about  No.  5 J  is  used  for  international  lines;  for  ordinary 
lines  about  No.  8,  and  for  leading  in  wires,  crossing  railways,  &c, 
No.  11.  The  gauge  of  wire  should  be  ruled  by  the  number  of 
wires  on  each  pole,  this  is  regulated  in  India  as  follows  :— 

2  wires  on  each  pole,         ....     No.  5i 

3  to  6  „         „ „    9| 

7  to  14       „        , l2i 

More  than  14  wires  on  each  pole,     .         .       „  15£ 
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For  town  lines  and  long  spans  stranded  wire  is  used ;  thin  wire 
(unannealed)  is  stronger  and  more  ductile  for  its  weight  than 
thick,  stranded  wire  has  a  greater  tensile  strength  and  ductility 
than  a  solid  wire  of  equal  weight  per  unit  of  length ;  stranded 
wire  is  more  flexible,  and  hence  easier  to  work  with,  but  it 
exposes  greater  surface  to  the  air,  hence  it  corrodes  more  rapidly 
in  a  corrosive  atmosphere,  and  it  is  more  expensive;  for  example, 
7  wires  of  No.  14  would  be  about  12  per  cent,  lighter,  and  5  per 
cent,  stronger  than  a  single  wire  of  No.  4.  The  advantage  of 
using  stranded  wire  appears  to  consist  in  the  possibility  of  using 
it  harder  than  single  wire,  for  thin  wires  if  annealed  thoroughly 
are  not  stronger  Than  thick  ones.  Thin  wire  proportionately 
stronger  than  thick  is  mechanically  more  economical,  but  a 
certain  absolute  strength  is  necessary,  therefore  the  thickness  of 
the  wire  cannot  be  reduced  below  a  certain  point  dependent  on 
the  conditions  to  which  the  line  is  to  be  subjected.  For  railway 
crossings  thin  wire  should  be  used,  as  not  likely. to  cause  acci- 
dents to  rolling  stock  if  it  should  fall  across  the  rails ;  for  lines 
to  resist  the  severe  storms  of  tropical  countries,  or  accumulations 
of  icicles  on  the  wire,  large  sized  wire  is  used;  when  many  wires 
are  to  be  placed  on  the  same  poles  lighter  wire  is  used,  and  the 
poles  are  nearer  together;  lighter  wires  are  used  in  towns  and 
across  roads  having  much  traffic  than  in  the  country  and  off- 
roads — the  greater  load  on  the  thick  wires  and  the  greater  weight 
of  the  wire,  making  an  accident  more  serious  to  passengers  the 
thicker  the  wire.  "When  it  is  of  importance  to  reduce  the  dip, 
as  in  crossing  a  wide  river,  stranded  wire  of  steel  is  used;  steel 
wire  is  much  more  expensive  than  iron,  costing  upwards  of  100 
per  cent,  more,  but  it  is  cheaper  to  use  this  wire  to  gain  an 
additional  8  or  10  feet  at  a  crossing,  than  to  lengthen  the  masts 
by  this  additional  height.  Stranded  wire  is  made  of  three,  four, 
or  seven  strand  wires;  the  wire  commonly  used  for  town  lines 
has  usually  three  strands,  sometimes  four;  wire  used  for  long  spans 
has  usually  seven  strands.  Much  wire  used  as  iron  is  probably 
a  homogeneous  metal — i.  e.t  it  contains  more  than  "25  per  cent, 
of  carbon,  this  being  due  to  the  difficulty  of  working  iip  to 
the  stringent  conditions  often  imposed  by  the  specifications. 
As  the  galvanising  is  rapidly  dissolved  by  sulphurous  vapours, 
in  the  neighbourhood  of  factories  where  much  coal  is  burnt,  and 
on  railways,  particularly  in  tunnels  where  the  wire  is  much 
exposed  to  vapour  and  products  of  combustion  from  locomotives, 
the  wire  may  be  thicker  than  where  not  exposed  to  such 
agencies.  As  far  as  possible,  the  gauge  of  wire  on  each  section 
of  line  should  be  uniform,  as  on  imiform  gauge  lines  the  positions 
of  faults  can  be  more  readily  calculated  from  electrical  measure- 
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ments.  The  best  quality  wire  should  be  used,  it  should  be  as  a 
rule  soft,  particularly  if  it  is  to  be  joined  by  twisted  joints ;  if 
haf  d  or  of  bad  quality  it  is  more  difficult  to  manipulate,  and  causes 
waste  of  time  and  wire,  and  short  pieces  cut  from  the  line  wire 
cannot  be  used  to  make  ties.  The  Prussian  specification  for  wire 
specifies — the  wire  to  be  subjected  to  20  rectangular  bends 
before  breaking,  it  may  be  wound  several  times  round  a  wire  of 
its  own  size  in  a  close  helical  coil  without  breaking,  splitting,  or 
springing  back,  it  must  carry  2204  lbs.  (English)  per  square  inch 
tension  for  a  quarter  of  an  hour  without  stretching.  The  wire 
is  almost  invariably  galvanised,  but  sometimes  it  is  varnished, 
varnishing  being  less  expensive.  No.  8  and  smaller  sizes  are 
best  joined  by  a  twisted  or  bell-hanger's  joint,  larger  sizes  by  a 
Britannia  joint.  The  twisted  joint  is  made  by  holding  the  wires 
together  in  a  hand  vice,  clip,  or  pliers,  and  twisting  each  three 
or  four  times  round  the  other  as  closely  and  as  tightly  as  possible 
with  an  eye-bolt;  a  special  tool,  termed  a  joint  lever,  is  frequently 
used  for  making  these  joints.  The  Britannia  joint  is  made  by 
placing  the  two  wires  made  quite  straight  together  for  about  18 
inches,  or  for  the  thickest  wires  2  feet,  and  fixing  them  with  a 
vice,  clip,  or  eye-bolt ;  a  serving  of  thin  wire,  usually  No.  16 
B.W.G.,  from  2  to  4  inches  long,  is  put  on  in  the  centre  of  the 
double  wire,  the  free  end  of  wire  on  each  side  of  the  serving  is 
bent  to  an  acute  angle,  and  the  ends  of  the  thin  wire  served 
tightly  round  the  main  wire  on  each  side,  the  ends  of  the  thick 
and  thin  wires  are  cut  off  close.  The  binding  wire  should  be  of 
the  best  charcoal  iron,  and  it  is  much  better  and  quicker  served 
on  with  a  mallet;  if  it  be  put  on  by  hand  it  is  likely  to  give 
slightly  and  crack  the  solder  if  soldered,  or  even  to  open  out. 
In  India  a  special  tool  is  sometimes  tised,  and  in  England  a 
joint-hook  is  used  to  bend  up  the  line  wire;  the  first  is  a  very 
special  tool,  and  neither  are  absolutely  necessary.  Sometimes 
wires  are  twisted  together  before  galvanising,  and  the  zinc 
coating  is  relied  on  for  continuity  of  electrical  conductivity ; 
this  kind  of  joint  should  be  avoided,  joints  should  be  invariably 
soldered  with  tin  solder.  On  temporary  lines  the  joints  are  not 
usually  soldered,  but  on  permanent  lines  they  should  invariably 
be  soldered  to  ensure  electrical  continuity.  The  malleability, 
tensile  strength,  and  resistance  to  shearing  of  the  solder  is  very 
different  from  that  of  the  iron,  hence  it  is  only  in  very  thin 
wires  that  the  solder  can  be  relied  on  to  hold  the  joint,  and  it  is 
only  in  such  the  solder  should  be  suffered  to  bear  the  stress 
(vide  Soldering).  Several  other  modes  of  joining  wires  have 
been  proposed  and  applied;  amongst  others  a  tube  has  been 
substituted  for  the  wire  serving,  the  wire  being  held  by  hooks 
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or  wedges ;  but  the  thin  wire  serving  is  generally  used,  and  is 
preferable,  as  it  is  less  likely  to  permit  sliding  and  consequent 
cracking  of  the  solder.  If  the  resistance  of  the  solder  to  shear- 
ing be  alone  relied  on,  with  soft  iron  wire  the  section  of  solder 
exposed  to  shearing  stress  should  be  at  least  ten  and  a  half 
times  the  area  of  the  cross  section  of  the  iron  wire.  When  line 
wires  are  not  continuous,  as  when  the  wire  is  wound  on  winding 
drums,  shackles,  or  even  when  the  ends  of  the  wire  are  on  the 
same  insulator  but  not  actually  joined,  a  thin  wire  (No.  12  to 
16)  is  wound  into  a  spiral,  and  soldered  to  the  line  by  its  ends 
to  ensure  perfect  electrical  continuity.  When  the  wire  is  bound 
to  every  insulato*r,  the  commonest  practice  at  present,  this  is 
done  in  several  ways;  one  method  and  that  most  generally 
employed,  is  to  use  No.  12  to  16  wire,  wind  it  round  the  insula- 
tor in  a  form  dependent  on  the  pattern  of  the  insulator,  bind  it 
for  four  turns  tightly  round  the  line  wire  on  each  side  of  the 
insulator,  twist  its  ends  together,  cut  them  short,  and  turn  them 
down;  the  wire  will  not  run  if  well  bound,  and  a  breakage  of 
the  heavy  wire  used  in  India  erected  on  16  to  18  feet  poles  is 
found  to  produce  merely  inclination  of  three  to  five  poles  on 
each  side  of  the  breakage.  When  many  wires  have  to  be  erected 
across  a  long  span  they  are  best  made  into  a  cable,  the  cable  is 
suspended  from  two  iron  wires,  as  it  is  deficient  in  tenacity. 
For  the  cable  copper  wire  well  insulated  with  gutta-percha  or 
India-rubber  should  be  used ;  in  tropical  countries  the  latter 
should  be  preferred,  and  the  whole  should  be  taped  and  tarred, 
or  if  of  India-rubber  covered  with  felt.  A  cable  such  as  above 
described  is  the  most  economical  mode  of  crossing  a  wide  river 
with  many  wires,  as  by  other  means  it  is  difficult  in  this  case  to 
prevent  contacts  without  great  additional  expense.  If  several 
lines  on  the  same  pole  be  of  equal  importance,  then  the  heaviest 
wires  should  be  placed  on  the  lowest  insulators;  but  the  most 
important  lines  (generally  the  thickest  wire)  should  always  be 
placed  above,  being  then  less  liable  to  accident.  Local  lines 
should  evidently  be  placed  below.  The  lines  should  maintain 
the  same  order  of  arrangement  on  the  poles  along  the  entire 
route,  and  the  more  important  wires  should  be  placed  on  the 
side  of  the  post  nearer  to  the-  road,  canal,  or  other  line  of  com- 
munication adjacent. 

412.  Iron  poles  do  not  require  to  be  protected  by  lightning 
rods,  but  wooden  poles  and  the  insulators  on  them  do  require 
such  protection.  Iron  poles  are  usually  surmounted  by  lightning 
spikes;  these  give  the  post  a  more  elegant  and  finished  appear- 
ance, but  are  not  necessary  to  protect  the  post.  When,  however, 
insulators  are  placed  on  the  tops  of  iron  poles,  a  wire,  preferably 
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pointed,  should  be  connected  metallically  with  each  pole,  and 
extended  for  a  short  distance  above  the  insulator,  as  insulators 
so  placed  are  liable  to  have  their  tops  shattered  by  lightning. 
The  lightning  does  not  escape  from  the  edge  of  the  iron  hood  to 
the  pole,  but  entirely  destroys  and  removes  the  top  of  the  insu- 
lator, leaving  the  stalk  exposed  above ;  this  has  been  observed 
frequently  in  India.  That  the  damage  is  due  to  lightning  is 
proved  by  the  burnt  appearance  of  the  damaged  insulator,  and 
by  the  fact  that  several  insulators  on  contiguous  poles  are  usually 
destroyed  at  the  same  time.  Wooden  poles  should  as  a  rule  have 
lightning  rods,  particularly  across  open  country;  if  they  have 
metal  stays  or  ties,  only  the  part  above  the  tie  need  be  protected. 
Lightning  rods  are  usually  of  stout  wire,  stapled  or  nailed  to  the 
pole  from  end  to  end.  In  India  the  use  of  staples  or  nails  in 
fixing  lightning  and  contact  wires  to  wooden  poles  has  been  dis- 
continued, as  it  was  found  the  lightning  discharged  by  the  points 
and  split  the  poles.  "Wooden  poles  are  usually  fitted  with  rain- 
caps  or  roofs  of  iron  or  zinc,  to  increase  their  durability;  the 
caps  are  sometimes  surmounted  by  lightning  spikes,  or  the  light- 
ning rod  may  be  continued  for  a  short  distance  above  the  pole ; 
caps  and  brackets  should  be  attached  metallically  to  the  lightning 
rod.  The  lightning  rods  should  be  either  all  placed  on  the  same 
side  of  the  poles,  or  preferably  on  the  side  most  exposed  to  view 
during  inspection.  It  is  not  necessary  to  solder  the  joint  be- 
tween the  lightning  wire  and  the  cap,  but  the  connection  between 
the  brackets  and  the  discharger  should  be  soldered,  as  the  object 
is  to  carry  off  leakage  currents,  which  might  otherwise  interfere 
with  the  traffic  on  the  lines.  Multiple  lines  on  wooden  poles 
need  contact  wires  when  lightning  rods  are  not  used,  but  the 
lightning  rod,  when  present,  should  be  made  to  serve  both  pur- 
poses. Contact  wires  are  usually  of  thin  wire  (12  to  16) ;  they 
should  be  soldered  to  the  brackets  if  the  latter  be  of  metal,  and 
connected  through  the  ties  or  directly,  to  the  earth — they  should 
be  placed  as  described  for  lightning  wires.  Sometimes  lightning 
rods  are  only  used  at  every  alternate  post  or  at  longer  intervals; 
as  when  posts  are  destroyed  by  lightning  several  contiguous  poles 
are  usually  destroyed  at  the  same  moment  (in  India  commonly 
four  or  five,  and  occasionally  as  many  as  twenty),  lightning 
rods  at  intervals  may  often  prove  sufficient ;  but  for  half  a  mile 
on  each  side  of  offices  and  cable  houses,  on  high  ground,  and 
when  tall  poles  are  used,  every  pole  should  have  a  rod.  Masts 
should  have  rods  to  protect  that  part  of  their  length  not  pro- 
tected by  metal  stays,  and  should,  if  practicable,  be  surmounted 
by  spikes.  Telegraph  buildings  should  as  a  rule  be  protected,  as 
protectors  can  be  made  of  old  waste  or  spare  wire  at  a  very 
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trifling  cost.  To  protect  a  pole  or  building  the  rod  should  be 
higher  or  as  high  as  the  structure,  connected  metallically  'with 
all  metal  parts  on  its  surface,  in  good  contact  with  the  earth  by 
being  immersed  at  one  end  in  a  well  or  sunk  to  moist  earth,  and 
of  ample  electrical  conductive  capacity. 

413.  "Wire,  brackets,  bolts,  insulator  hoods,  poles,  &c,  of  iron 
are  usually  galvanised;  sometimes  black  varnish,  or  a  varnish 
coat  given  by  immersing  the  iron  in  hot  drying  oil,  is  used  as  a 
preservative  instead  of  galvanising;  but  these  require  renewal 
from  time  to  time,  and  although  cheaper  in  first  cost  galvanising 
is  more  economical  in  use,  and  should  be  preferred.  When  ex- 
posed to  sulphurdtis  acid,  as  near  furnaces,  or  to  muriatic  acid 
as  in  the  neighbourhood  of  the  sea,  lead  paint,  any  anticorrosive 
paint,  hot  oil,  or  oil  and  tar,  may  be  used  to- protect  the  metal; 
but  it  should  be  done  inside  and  out,  and  as  far  as  practicable 
renewed  from  time  to  time  as  it  wears  off. 

414.  In  railway  tunnels  and  underground  passages  generally, 
such  as  the  sewers  and  catacombs  of  Paris,  telegraph  wires 
may  be  erected  on  the  walls  on  ordinary  insulators  fixed  to  the 
walls  directly  or  by  brackets,  or  covered  wires  fixed  along  the  walls 
may  be  used.  The  covered  wires  may  be  coated  with  gutta-percha 
or  vulcanised  India-rubber,  and  covered  with  felt  or  tape  soaked 
in  Stockholm  tar,  or  of  gutta-percha  covered  with  lead.  Gutta- 
percha covered  wire  taped  and  tarred,  is  frequently  used;  it  is 
cheaper  than  lead-covered  wire,  but  inferior  in  durability,  and 
in  tropical  climates  seldom  admissible.  Gutta-percha  covered  wire 
protected  by  being  enclosed  in  a  tube  of  lead  is  exceedingly  durable, 
and  most  economical  in  use,  particularly  when  products  of  com- 
bustion of  coal  are  present  in  considerable  quantities  in  the  atmos- 
phere. In  towns  underground  wires  are  used.  They  are  employed 
to  a  greater  extent  in  London  than  elsewhere.  Being  in  short 
lengths,  the  induction  due  to  their  close  proximity  to  each  other 
does  not  impair  their  electrical  efficiency,  the  insulation  is  higher, 
as  exposed  insulators  cannot  be  kept  clean,  and  there  are  obvious 
advantages  in  employing  underground  wires  in  towns  when  the 
number  of  wires  is  very  numerous.  If  there  be  no  danger  of  the 
earth  being  disturbed,  and  but  few  wires  be  required,  as  in  many 
Indian  towns,  then  simple  gutta-percha  covered  wire  protected 
by  lead  may  be  used;  but  as  this  wire  will  not  resist  rough 
usage  it  should  not  be  used  in  any  place  where  the  ground  is 
likely  to  be  disturbed  to  repair  water,  gas,  or  drain  pipes,  hence 
it  cannot  be  safely  used  in  large  European  towns.  As  a  rule 
underground  wires  are  protected  by  tubing  of  some  kind ; 
sometimes  wooden  troughs  are  employed,  the  covered  wires 
being  laid  in  the  trough,  a  wooden  cover  is  fixed  on  and  the  pit 
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covered  in.  Cast-iron  tubing  is  generally  employed  to  protect 
underground  wires,  the  system  being  modified  accordingly  as  the 
number  of  wires  to  be  laid  is  large  or  small.  When  the  number 
of  wires  is  small  the  following  is  a  good  system : — The  tubes  used 
are  those  made  for  conducting  gas,  &c,  they  are  laid  in  straight 
lines  joined  by  elbows;  at  intervals  of  50  to  100  yards  the  seg- 
ments are  connected  by  short  lengths  of  tubing  of  larger  size,  the 
gauge  of  the  connecting  piece  permitting  it  to  slide  on  the  tubes 
it  connects,  the  tubes  are  carefully  laid ;  the  connecting  pieces 
being  left  open,  a  string  is  passed  through  each  tube  as  it  is  laid, 
as  each  segment  of  50  to  100  yards  is  completed  a  cord  is  drawn 
through  it,  and  by  means  of  this  cord  is  drawn  in  the  covered 
wires,  the  connecting  tubes  are  drawn  over  the  intervals  between 
the  segments,  and  the  joint  is  made  tight  with  lead.  The  route 
of  the  wires  is  carefully  surveyed  and  drawn,  the  positions  of  the 
joints  being  marked  on  the  plan;  hence,  if  repairs  become  neces- 
sary any  joint  can  be  found  readily,  bad  pieces  of  wire  tested, 
removed,  and  good  wire  substituted,  without  disturbing  the 
earth  and  tubes  elsewhere  than  at  the  joints.  The  tubes  are 
hermetically  sealed,  the  wire  is  usually  covered  with  gutta-percha, 
taped,  and  tarred;  the  wires  are  very  durable  even  when  the 
surrounding  earth  is  impregnated  with  illuminating  gas,  which 
would  injure  the  gutta-percha  if  unprotected  by  the  tubing. 
Sometimes  instead  of  single  wires,  cables  containing  several 
wires  up  to  as  many  as  ten  are  ixsed;  the  advantage  of  using  a 
cable  consists  in  the  saving  of  space,  but  when  practicable  it  is 
better  to  use  single  wires.  Sometimes  the  wires  are  fastened 
together  to  form  a  bundle;  but  the  best  mode  is  probably  to  tie 
them  together  at  intervals,  and  as  they  are  drawn  into  the  tube 
remove  the  tying,  there  is  then  no  danger  of  a  wire  rising  and 
sticking  in  the  tube;  and  should  any  wire  fail  afterwards,  it  can 
be  removed  without  disturbing  the  others.  At  the  junctions  of 
the  segments  of  tubing  the  wires  should  be  numbered.  When  a 
great  many  wires  are  required,  the  system  is  only  varied  from 
that  described  above  in  a  provision  for  gaining  access  to  the 
wires  without  disturbing  the  earth ;  it  is  evident  as  the  number 
of  wires  is  increased  the  necessity  for  "ready  access  to  them 
becomes  greater.  The  tubes  are  of  course  large  enough  to  con- 
tain the  required  number  of  wires,  they  are  not  connected  by 
joints,  as  described  above,  but  are  left  disconnected  and  separated 
by  a  short  distance,  the  ends  of  the  tube  opening  into  a  box  of 
cast  iron  or  a  pit  lined  with  masonry  or  other  suitable  material 
intersecting  the  axis  of  the  tube;  this  box  is  covered  by  a  mov- 
able cast-iron  cover,  the  upper  surface  of  which"  is  level  with  the 
pavement.     Large  pipes  of  cast  iron  are  sometimes  caulked  at 
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the  joints  with  tarred  yarn  instead  of  lead,  the  admission  of  water 
being  favourable  to  preservation  of  the  gutta-percha.  Sometimes 
stoneware  pipes  are  used — they  are  caulked  at  the  joints  with 
Stourbridge  clay.  Although  the  admission  of  water  to  the  pipes 
is  beneficial,  the  caulking  must  not  be  of  a  kind  permitting  earth 
or  sand  to  enter  the  pipes.  Lead  piping  may  be  used  when 
stoneware  is  not  available  in  situations  where  iron  would  be 
rapidly  corroded.  Access  to  the  wires  is  obtained  by  lifting  the 
cover  off  the  pit  or  box,  when  the  wires  are  seen  within.  Some- 
times short  hollow  posts  are  erected  instead  of  the  box  or  pit  above 
described,  the  wires  being  brought  up  into  the  post,  which  has  a 
small  door  or  lid  thtough  which  access  may  be  obtained  to  them. 
Plans  should  be  kept  of  the  routes,  positions  of  draw  boxes  and 
posts,  <fcc.  Draw  boxes  appear  to  be  superseding  draw  posts, 
they  are  evidently  easier  to  construct,  cheaper,  and  they  do  not 
obstruct  the  thoroughfares  as  the  posts  do.  Copper  wire  is  used 
as  the  conductor,  it  is  commonly  No.  18  B.W.G.  and  covered  to 
No.  7  B.W.G.  with  two  layers  of  gutta-percha  alternating  with 
two  layers  of  Ohatterton's  compound,  it  is  usually  in  lengths 
of  400  yards.  It  is  evident  the  tubes  are  not  hermetically 
sealed,  and  the  wires  cannot  be  expected  to  last  so  long,  while 
the  depth  to  which  the  tubes  are  buried  is  less  than  in  the 
other  system;  working  draw  boxes  may  be  2  to  3  feet  long, 
or  longer  according  to  necessity,  but  should  not  be  larger  than 
necessary  for  the  purpose  required.  When  merely  for  drawing 
the  wires  into  and  out  of  the  tubes  the  boxes  may  be  very  small, 
not  much  exceeding  in  diameter  twice  the  diameter  of  the  tube ; 
these  boxes  may  be  sealed  with  asphalt  or  covered  with  earth, 
and  opened  when  necessary.  The  tubes  may  be  buried  about 
2  feet  deep,  iron  pipes  are  commonly  laid  1  sfoot  deep.  The 
distances  between  the  draw  boxes  vary  with  the  nature  of 
the  line ;  on  a  straight  line  they  may  be  longer  than  on  a  line 
having  many  angles,  and  it  is  obvious  they  should,  when  practi- 
cable, be  so  distributed  as  to  be  placed  at  angles  and  on  curves. 
The  standard  distance  should  depend  on  the  strength  of  the 
wire,  and  whether  it  is  required  to  draw  in  and  out  single  wires 
or  bundles,  as  when  single  wires  are  drawn  from  amongst  many 
others  the  friction  is  considerable,  particularly  when  the  wires 
are  covered  with  tape  and  have  rough  surfaces ;  when  the  wires 
are  numerous,  probably  100  yards  should  not  be  exceeded 
between  draw  boxes  or  posts  ordinarily,  but  these  draw  boxes 
need  be  only  just  large  enough  to  allow  the  wires  to  be  drawn, 
larger  boxes  for  testing,  &c,  being  placed  at  intervals  of  400  or 
500  yards  to  contain  all  the  joints  of  the  core.  The  commonest 
form  of  joint  box  in  use  in  England  is  2  feet  6  inches  long,  1  foot 
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deep,  and  11  inches  wide  ;  the  pipes  project  a  very  short  distance 
into  the  joint  boxes.  Boxes  are  placed  at  least  every  200  yards; 
a  box  is  placed  every  400  yards  to  enclose  the  wire  joints,  and 
when  the  route  is  curved  additional  boxes  are  used  as  necessary 
for  drawing  in  the  wires.  In  all  cases  the  wires  should  be 
numbered  or  lettered  at  each  draw  b6x  or  post,  and  the  draw 
boxes  or  posts  should  be  numbered.  Closed  systems  of  pipes 
may  be  placed  3  or  4  feet  deep  with  advantage,  but  need  not  be 
laid  so  deep.  The  covered  wires  used  for  subterranean  lines  are 
joined  in  the  manner  proper  to  the  kind  of  core  used;  lead- 
coated  covered  wire  is  firstly  joined  in  the  usual  manner,  and 
the  lead  coatings  joined  by  very  fusible  solder,  or  covered  with 
sheet  lead,  and  the  joints  varnished  to  seal  them.  The  wires 
used  are  sometimes  stranded,  but  single  wire  is  generally  used — 
it  serves  the  purpose,  and  should  be  preferred  as  a  rule ;  the 
joints  used  for  the  conductor  are  the  twisted  joint,  and  solder  is 
used  invariably.  The  use  of  cement  and  asphaltic  mastic  for 
underground  wires  has  been  already  referred  to  (Paragraph  277); 
covered  wires  in  wooden  tubes,  surrounded  by  asphaltic  mortar, 
form  probably  the  best  lines  after  the  systems  with  iron  tubes, 
and  under  some  circumstances  may  be  employed.  "When  test 
boxes  are  used,  as  the  wires  are  exposed  to  the  air  it  is  no  advan- 
tage to  close  the  joints  of  the  tubes  hermetically,  but  lead  should 
be  preferred  to  tarred  yarn  for  joints  in  iron  pipes,  as  caulking 
of  yarn  may  decay,  and  the  earth  may  be  washed  into  the  tubes. 
Probably  stoneware  offers  advantages  over  cast  iron  as  a  material 
for  pipes,  being  indestructible  and  having  a  smooth  inner  surface; 
it  might  also  be  fashioned  into  test  boxes,  a  mere  lid  to  the  pipe 
being  sufficient.  The  common  pottery  ware  of  India,  thick  and 
well  burnt,  if  laid  in  asphaltic  or  cement  mortar,  would  form  a 
very  cheap  and  durable  receptacle  for  subterranean  wires.  Clay 
puddle  might  be  substituted  for  the  mortar  if  desirable  to  reduce 
the  first  cost.  The  use  of  naked  wires  in  asphaltic  mortar,  and 
of  calcareous  cement  as  an  envelope  for  wires,  is  referred  to  in 
Paragraph  277.  Buried  wires  are  much  more  expensive  to  lay 
than  overground  lines  are  to  erect,  hence  the  latter  should  be 
preferred  when  admissible.  If  sewers,  tunnels,  or  other  suitable 
underground  ways  are  available,  town  lines  should  be  laid  in 
them,  as  cheap,  open  to  inspection,  and  safe.  When  only  very 
few  wires  are  required  in  places  where  the  soil  is  not  liable  to 
disturbance,  and  does  not  contain  corrosive  substances,  simple 
lead-coated  wire  may  be  used'  placed  3  or  4  feet  deep.  Under- 
ground wires  are  used  almost  exclusively  in  towns,  hence  they 
usually  terminate  in  offices,  and  are  seldom  joined  directly  to 
overhead  lines ;  they  are  protected  by  lightning  dischargers  as 
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usual  with  all  lines  in  offices.  When,  however,  it  is  necessary 
to  join  overhead  and  underground  wires,  this  should  be  done  in 
a  hollow  column  bearing  the  overhead  wires  in  a  draw  box  or 
other  receptacle,  and  a  lightning  protector  should  be  interposed. 
Underground  lines  are  not  liable  to  electrical  disturbances  to 
the  same  extent  as  overground  lines,  but  if  connected  with  over- 
ground lines  they  are  exposed  to  injury  during  thunderstorms, 
and  hence  should  be  protected.  In  laying'  subterranean  tubes  to 
contain  wires  the  bottom  of  the  trench  should  be  levelled  and  so 
consolidated,  if  necessary,  that  there  may  be  no  risk  of  it  sinking 
unequally,  by  which  the  pipes  might  be  bent  or  broken  and  the 
joints  forced  open.  • 

415.  In  towns  having  several  offices,  one  office  only  should 
correspond  directly  with  foreign  and  provincial  offices;  this 
office  should  be  as  central  as  practicable,  and  the  town  lines 
should  form  a  purely  local  system,  communicating  with  other 
towns  through  the  central  office  only.  The  local  iines  in  this 
case  being  so  short,  are  readily  inspected  and  repaired,  are  not 
required  to  be  so  perfect  electrically,  and  hence  it  happens  that 
an  economy  may  be  practised  on  such  lines  which  would  be 
absolutely  inadmissible  on  long  lines. 

416.  The  construction  of  masts  is  treated  in  Part  II.,  chap- 
ter i.,  section  1,  division  2,  and  Chapter  II.,  section  i,  division  2. 
When  of  wood,  care  should  be  taken  to  seek  native  timber 
rather  than  import  foreign ;  if  iron  masts  are  to  be  used,  care 
should  be  taken  before  adopting  any  peculiar  pattern  put  forward 
as  possessing  special  mechanical  excellence,  to  examine  it  by  the 
light  of  the  mechanical  principles  involved  in  the  correct  forms 
of  beams,  and  an  ordinary  post  of  the  proposed  pattern  should, 
if  practicable,  be  tested  for  transverse  strength.  The  various 
means  of  protecting  wooden  structures  from  the  attacks  of 
insects  and  decay,  as  coating  the  base  with  metal,  tarring, 
painting,  &c,  should  be  considered  "and  suitable  measures 
adopted ;  by  such  means,  when  heavy  first  cost  has  to  be 
avoided,  wood  may  be  used  instead  of  iron. 

417.  In  most  cases  rivers  are  crossed  with  strong  cable,  par- 
ticularly when  the  bed  of  the  river  is  likely  to  scour.  Pieces  of 
old  cable  should  always  be  regarded  with  suspicion,  and  only 
employed  after  careful  examination  ;  the  fact  of  former  failure 
must  be  regarded  in  considering  the  suitability  of  the  cable  for 
its  new  situation — e.g.,  a  cable  which  has  been  broken  through 
being  too  weak  to  resist  a  rapid  current,  may  be  quite  strong 
enough  for  another  stream  having  a  soft  bottom  and  slow  current. 
Cables  on  rivers  often  have  to  be  laid  in  a  very  primitive  manner, 
being  merely  payed  out  by  hand ;  although  a  little  cable  is  thus 

2  a 
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lost,  the  cost  is  much  less  than  if  a  special  boat  and  appliances 
■were  sent  for  the  purpose,  while  the  looseness  of  the  cable  is 
visually  a  great  advantage,  allowing  for  scouring  of  bed  and 
tanks,  for  repairs,  and  making  it  easier  to  lift  the  cable  if  neces- 
sary. A  rope  stopper  should  be  kept  round  the  cable  ready  to 
stop  it  at  any  moment,  the  boat  should  be  a  strong  one,  as  its 
steering  is  interfered  with  by  the  cable  as  much  way  should  be 
put  on  it  as  possible,  and  by  having  a  large  crew  provision  should 
be  made  to  manosuvre  the  boat  quickly.  Two  flags  should  be 
put  up  on  each  bank,  and  floating  bodies  should  be  used,  if  the 
liver  be  wide,  to  mark  the  line  to  be  taken ;  the  boat  is  kept  in 
this  line,  the  head  boatman  is  probably  the  best  man  to  steer, 
and  a  good  plan  is  to  take  the  boat  over  the  course  once  as  a 
trial  trip,  particularly  when  there  is  a  strong  current.  A  second 
hoat  should  be  engaged  as  a  rule,  particularly  when  the  current 
is  strong.  Cables  are  laid  in  the  sea  by  special  machinery  de- 
scribed elsewhere ;  short  cables  across  straits  and  arms  of  the 
sea  have  often  to  be  laid  from  ordinary  vessels  without  special 
machinery,, and  in  this  case  the  resources  at  command  have  to 
he  made  the  most  of,  but  in  such  cases  the  cable  is  usually  laid 
more  slack  than  when  proper  brakes  are  used. 

418.  The  tools  for  constructing  telegraphs  should  usually  be  of 
very  good  quality ;  as  carriage  is  frequently  expensive,  there  may 
he  difficulty  in  getting  tools  well  repaired,  if'  the  tools  be  not 
of  good  quality  a  considerable  reserve  is  necessary  to  prevent 
men  losing  time  waiting  for  tools,  and  to  ensure  that  no  delay 
may  occur  in  the  execution  of  the  work  when  once  commenced. 
The  subject  of  tools  is  treated  in  Part  II.,  chapter  iv.,  section  2. 
Economy  in  tools  may  be  attained  by  dispensing  with  some  tools 
frequently  considered  necessary,  making  others  on  the  spot  em- 
ploying native  mechanics  when  necessary,  and  preferring  tools 
of  a  kind  likely  to  be  of  use  for  maintenance  purposes  afterwards 
— e.g.,  for  digging  holes,  as  only  one  man  can  work  in  a  hole 
shovels  and  spades  need  not  both  be  provided,  the  latter  are 
sufficient ;  ladders  and  shear  legs  may  be  made,  hired,  or 
purchased  where  required,  and  returned,  sold,  or  burnt  when 
done  with  ;  rammers  are  heavy  and  often  readily  made  as  re- 
quired, and  they  may  be  used  as  fuel  when  broken.  By  such 
means  there  is  great  economy  in  carriage  and  frequently  in  cost 
of  the  articles ;  in  India  native-made  tools  are  frequently  pur- 
chased, or  made  by  village  workmen  to  order  as  required,  they 
sometimes  cost  less  and  are  more  suitable  than  imported  tools. 
If  many  sizes  of  spanners  are  required,  they  may  he  replaced  by 
an  adjustable  spanner,  which  is  very  useful  afterwards.  All  the 
tools  should  be   of  strong  and  somewhat  heavy  patterns.     A 
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reserve  of  tools,  particularly  felling  and  jungle-cutting  tools, 
should  be  provided ;  the  patterns  of  these  should  be,  as  far  as 
practicable,  such  as  may  be  readily  repaired  locally  if  broken, 
and  as  simple  and  few  in  number  as  consistent  with  good  and 
rapid  execution  of  the  work.  Skilled  mechanics  require  many 
and  delicate  tools,  but  the  majority  of  men  employed  in  telegraph 
construction  are  not  highly  skilled,  hence  the  tools  should  as  a 
rule  be  such  as  will  resist  the  effects  of  rather  rough  usage. 
The  patterns  of  the  country,  when  peculiar,  should  be  adopted 
if  practicable ;  tools  used  by  weak  differ  from  those  used  by 
more  stalwart  races  of  men,  and  this  should  be  considered — e.g., 
the  native  of  India  has  not  as  a  rule  sufficient  strength  to  wield 
effectively  the  broad  axes  used  by  Europeans;  the  native  axe  is 
narrow  and  stronger  at  the  edge,  it  does  less  work  at  a  stroke, 
but  a  native  will  generally  do  much  more  work  with  it  than  he 
could  do  with  the  European  instrument  in  the  same  time,  his 
first  attempts  to  use  the  latter  often  result  in  its  edge  being 
either  turned  or  badly  chipped. 

419.  The  expense  of  constructing  a  line  will  depend  greatly  on 
the  degree  in  which  local  labour  and  resources  are  employed  by 
the  engineer,  and  the  efficiency  of  organisation  of  labour  and 
supervision.  Each  sirpervisor  of  labour  should  have  as  many 
labourers  under  him  as  he  can  efficiently  supervise,  and  the 
engineer  in  charge  of  the  whole  work  should  in  turn  have  as 
many  working  parties  at  work  as  he  can  profitably  employ,  thus 
diminishing  as  far  as  possible  the  cost  of  supervision.  If  shelter 
for  the  men  can  be  obtained  along  the  route  tents  may  be 
dispensed  with,  but  then  each  move  forward  should  be  made  to 
a  village  or  town  affording  shelter — this  applies  to  countries  less 
covered  with  communications,  and  as  a  rule  of  larger  extent  than 
England.  In  a  country  like  India  there  is  less  time  lost  when 
the  men  live  under  canvas  -than  when  they  lodge  in  villages. 
The  most  reliable  materials  of  construction  are  usually  also  the 
most  economical;  if  it  be  desired  to  reduce  the  first  cost  of  a  line, 
this  end  should  not  be  attained  by  using  inferior  qualities  of 
wire,  insulators,  brackets,  &c,  such  saving  would  be  more  than 
counterbalanced  by  greater  cost  of  maintenance  and  commercial 
depreciation  consequent  on  uncertainty  of  communication;  the 
saving  should  be  effected  by  using  stones  for  anchors,  making 
stays  and  ties  of  spare  wire,  omitting  the  clips,  straining  screws, 
cross  feet  or  earth  plates,  stretching  insulators,  extra  strong  angle 
posts,  &c. ;  when  practicable,  by  using  wood  rather  than  iron  for 
poles  when  on  calculations,  as  already  explained,  its  use  is  admis- 
sible, and  generally  by  sacrificing  appearance  and  convenience, 
while  maintaining  tie  highest  degree  of  permanence  attainable, 
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by  adopting  throughout  the  strongest  forms,  justest  proportions, 
and  best  qualities  of  materials.  In  some  cases  it  is  possible  to 
reduce  the  cost  of  a  line  by.  aiming  only  at  the  minimum  of 
electrical  efficiency  admissible,  as  when  single  bell  insulators  are 
used  in  towns  for  local  wires;  in  other  cases  an  inferior  degree 
of  mechanical  excellence  is  admissible,  as  when  weak  poles  are 
used  with  light  wires,  or  low  poles  are  used  inside  a  railway 
fence. 

Section  II. — Estimating. 

420.  The  term  estimate  in  its  limited  and  strict  acceptation  is 
applied  to  a  statement  of  the  quantities  of  the  work  to  be  done, 
the  labour  necessary  to  do  it,  and  the  cost  of  the  labour,  carriage, 
and.  materials;  but  in  a  more  extended  sense  the  term  is  often 
applied  to  a  document  composed  of  three  parts,  termed  respec- 
tively the  report,  specification,  and  estimate  proper.  In  some 
cases  a  report  may  be  required  without  specification  and  estimate, 
to  admit  of  an  opinion  being  formed  on  the  necessity  or  practi- 
cability of  the  proposed  work;  or  a  specification  only  may  be 
required,  as  when  work  has  to  be  executed  by  contract,  in  which 
case  the  calculation  of  details  of  quantities  and  cost  of  labour, 
materials,  &c,  may  be  the  business  of  the  contractor,  the  specifi- 
cation merely  fixing  the  nature,  quality,  and  quantity  of  the 
whole  work  contracted  for. 

421.  A  report  should  state  clearly  according  to  requirements 
the  object  of  the  work  proposed,  the  necessity  or  advisability  of 
its  execution,  the  chances  of  its  success  mechanically,  electrically, 
or  commercially  as  requisite,  the  circumstances  of  its  projection, 
the  reasons  for  selecting  one  route  rather  than  another,  one 
mode  or  form  of  construction  in  preference  to  others,  general 
considerations  likely  to  affect  the  cost  of  the  work  and  of  its 
maintenance,  the  obstacles  or  difficulties  to  overcome  and  the 
manner  they  are  to  be  dealt  with,  a  general  statement  of  the 
extent  and  nature  of  the  work,  and  generally  all  such  particulars 
as  are  necessary  to  enable  a  judgment  to  be  formed  of  its  general 
utility  and  necessity,  and  of  the  efficiency  and  economy  of  the 
design  and  proposed  manner  of  execution.  When  for  the  infor- 
mation of  the  public,  or  unaccompanied  by  a  specification  and 
estimate,  a  report  may  contain  numerical  statements  which  pro- 
perly belong  to  the  specification  and  estimate,  such  statements, 
when  essential  to  the  matter  of  the  report,  are  then  properly 
inserted.  A  reconnoissance  or  preliminary  survey  is  neoessary 
on  which  to  found  a  report,  and  the  latter  should  be  illustrated 
by  plans  or  maps  if  necessary. 

422.  A  specification  for  telegraph  work  may  be  divided  under 
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five  headings — viz.,  materials  or  stores  to  be  used,  the  carriage 
of  these  to  the  depdts  along  the  route  selected  for  the  line,  their 
distribution  from  the  depfits,  the  work  of  construction,  and  the 
superintendence,  including  the  supervision,  designing  of  the  -work, 
&c.     If  the  work  under  any  one  of  the  above  headings  is  to  be 
done  by  contract,  then  an  extract  from  the  general  specification 
is  used  as  a  basis  for  the  contract,  with  the  addition  of  stipula- 
tions limiting  the  time  to  be  allowed  for  performance  of  the  con- 
tract, and  the  rates  to  be  paid.     "When  an  expensive  work,  as  an 
underground  line,  a  cable,  or  a  long  span  on  tall  masts,  occurs 
on  a  line,  these  should  be  specified  and  estimated  for  separately, 
their  cost  being  entered  in  the  abstract  statement  of  the  cost  of 
the  whole  line.     In  specifying  stores  to  be  used  they  should  be 
carefully  described  thus — the  kinds  of  posts  to  be  used,  their 
heights,  the  brackets,  ties,  straining  screws,  collars,  insulators, 
gauges  of  wires,  kind  of  joint  to  be  used  for  wire,  <fec. ;  for  under- 
ground wires,  the  kind  of  covered  wire,  the  pipes,  test  and  draw 
boxes,  lightning  dischargers,  &c. ;  for  cables,  description  of  cable 
to  be  used,  junction  houses,  lightning  protectors,  junction  with 
land  line,  &c;    for  long  spans,  kind  of  masts,  their  heights, 
number  of  stays,  distances  of  anchors  from  masts,  distance  of 
terminal  posts  and  junctions  with  land  line,  <fec.     The  tests  of 
mechanical  and  electrical  efficiency  which  the  several  articles 
ought  to  stand  should  be  stated,  particularly  in  a  specification 
to  form  the  basis  of  a  contract  with  a  manufacturer  or  merchant 
— e.  g.,  wooden  posts  should  have  a  minimum  diameter  stated  for 
each  end,  for  iron  posts  a  minimum  transverse  strength  and  stiff- 
ness should  be  stipulated  for ;  this  may  be  measured  by  a  hori- 
zontal force  applied  to  the  post  16  feet  from  the  ground.     The 
wire  should  be  tested  for  tensile  strength  and  ductility,  and  its 
galvanising  may  be  tested  by  immersion  in  sulphate  of  copper 
solution;  insulators  may  be  tested  by  steady  strain,  and  by  a 
shock ;  brackets  of  cast  iron  and  malleable  cast  iron  may  be  tried 
with  a  hammer,  &c.     The  working  load  to  be  permitted  on  wire, 
posts,  and  insulators  should  be  always  stated,  for  the  information 
of  the  officer  entrusted  with  the  execution  of  the  work.     Excel- 
lence of  quality  in  materials  may  be  ensured  by  specifying  the 
kind  of  raw  material  to  be  employed,  and  placing  restrictions 
on  the  mode  of  manufacture ;  thus,  charcoal  iron,  malleable  cast 
iron,  steel,  best  qualities  of  copper,  silver  -solder,  fine  quality- 
porcelain,  &c,  may  be  prescribed.     It  may  be  stipulated  that 
wire  be  drawn  through  a  minimum  number  of  holes,  that  it  be 
not  welded  in  process  of  manufacture,  and  be  in  lengths  of  a. 
minimum  weight;  that  covered  wire  have  a  minimum  number  of 
layers  of  the  insulating  material;  that  insulators  be  moulded  by. 
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pressure,  &c.  The  design  of  the  structure  should  be  specified 
thus — the  number  of  posts  per  mile,  the  number  and  gauge  of 
the  wires,  the  average  number  of  ties  and  road  crossings  per 
mile,  the  tension  and  dip  of  the  wires,  the  minimum  distance 
between  them,  the  minimum  distance  to  be  allowed  between  the 
wires  and  adjacent  objects,  particularly  trees  and  jungle,  and 
between  the  wire  and  the  earth;  the  sharpest  angle  to  be  made, 
the  minimum  height  of  road  and  railway  crossings,  the  number 
and  sites  of  testing  balls,  or  test  or  control  posts ;  the  number  of 
terminal  posts  and  the  conditions  of  their  employment,  mode  of 
fixing  or  tying  the  wire  to  the  insulators,  &c.  For  wooden  poles, 
the  description  of  lightning  rod  and  manner  of  its  attachment  to 
the  pole  should  be  stated ;  for  cables,  the  length  of  cable  ;  for 
masts,  the  height  of  the  masts,  dip  of  wire,  and  height  of  wire 
above  tallest  vessel  at  high  flood  level;  and  for  underground 
lines,  their  length,  the  average  number  of  test  posts  or  boxes  per 
mile,  should  be  specified.  The  sources  from  which  the  stores  are 
to  be  obtained  should  be  specified — as  purchased  locally,  made  as 
required,  to  be  supplied  by  certain  manufacturers,  removed  from 
an  old  line,  cfcc.  The  mode  of  conveyance,  and  the  names  and 
situations  of  the  places  from  which  the  stores  are  to  be  distri- 
buted, should  be  stated.  Package  and  terminal  charges  may  be 
included  as  contingent  on  carriage.  Under  the  heading  Distri- 
bution should  be  described  the  means  to  be  employed  for  con- 
veying the  stores  from  the  dep6ts  to  the  work ;  under  the 
heading  Labour  should  be  stated  the  sources  from  which  the 
labourers  are  to  be  obtained;  and  under  the  heading  Superin- 
tendence should  be  stated  the  number  of  persons,  and  the  names 
of  the  principals  to  superintend  the  work,  with  an  approximate 
statement  of  the  time  to  be  occupied  in  executing  it. 

423.  The  estimate  proper  is  a  numerical  statement  of  the  quan- 
tities of  stores,  carriage,  labour,  and  superintendence  necessary, 
and  their  respective  costs.  Full  details  should  be  entered  shew- 
ing the  quantity  and  cost  of  each  description  of  labour,  material, 
carriage,  &c,  to  admit  of  accuracy  and  economy  being  checked, 
to  shew  the  grounds  on  which  the  result  has  been  arrived  at,  and 
to  furnish  the  engineer  entrusted  with  the  execution  of  the  work 
with  a  means  of  checking  his  expenditure  by  the  estimate.  As 
with  a  specification  so  with  an  estimate,  a  partial  estimate  only 
may  be  required  to  be  furnished  by  a  particular  person,  and 
the  complete  estimate  may  be  made  up  of  several  partial  esti- 
mates, each  by  a  different  person — e.  g.,  a  manufacturer  may  be 
required  to  furnish  an  estimate  of  the  quantities  of  stores,  their 
weight  and  price ;  a  contractor  for  carriage  being  furnished  with 
the  dimensions  and  weights  shewn  in  a  manufacturer's  estimate, 
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may  be  required  to  furnish  an  estimate  of  the  cost  of  transport 
or  distribution;  and  the  labour  may  be  estimated  for  by  the 
engineer  to  be  entrusted  with'  the  work — an  abstract  of  the 
several  partial  estimates  exhibits  the  total  cost  of  the  line.  It 
frequently  happens  in  large  companies  and  government  depart- 
ments, that  one  officer  purchases  material  and  is  entrusted  with 
its  custody,  while  another  designs  and  executes  the  work  of  con- 
struction; in  such  cases  it  is  obvious  estimates  are  properly 
framed  in  two  parts — one  part  relating  only  to  the  cost  of  the 
stores  being  framed  by  the  officer  who  has  charge  of  the  stores, 
the  other  part  being  framed  by  the  officer  entrusted  with  the 
execution  of  the  work.  In  this  case  the  latter  part  is  framed 
first,  and  on  the  data  supplied  therein  the  other  part  is  framed, 
and  its  total  amount  is  entered  as  a  separate  item  in  an  abstract. 
The  cost  of  stores  is  fixed  by  the  manufacturers'  rates,  and  may 
be  known  exactly;  but  the  cost  of  carriage,  labour,  and  superin- 
tendence will  depend  in  a  great  measure  on  the  industry,  know- 
ledge, and  judgment  displayed  by  those  entrusted  with  the  exe- 
cution of  the  work.  Therefore,  to  afford  a  check  on  the  execution 
of  the  work,  the  cost  of  the  stores  should  form  a  distinct  part  of 
the  estimate,  which  part  may  be  used  as  a  check  on  the  manu- 
facturer. 

424.  Under  the  heading  of  stores  or  materials,  including  tools, 
should  be  entered  the  designation  and  weight  of  each  article,  the 
price  being  entered  as  explained  above,  the  number  of  articles  of 
each  kind  per  mile,  the  total  number  required,  and  their  total 
weight.  Such  articles  as  tools  are  not  always  calculated  on  the 
mileage,  but  frequently  according  to  the  number  of  working  parties 
or  men  to  be  employed  during  the  same  time.  Special  articles, 
as  terminal  posts,  testing  balls,  surveying  instruments,  &c,  are 
merely  entered  with  remarks,  or  the  specification  may  be  referred 
to';  paint,  tar,  <fec,  are  calculated  on  the  100  square  feet  of  surface, 
or  more  conveniently  when  for  poles  by  the  quantity  required  for 
each  pole.  When  timber  poles  are  used  the  number  of  cubic  feet 
in  each  pole  may  be  shewn.  A  small  excess  is  allowed  over  the 
calculated  quantities  to  allow  for  unforeseen  requirements,  break- 
age, and  to  form  a  reserve  for  repairs.  The  percentage  allowed  in 
excess  of  calculated  requirements  should  be  shewn  in  the  estimate 
in  each  case;  it  will  evidently  vary  according  to  the  nature  of  the 
material  and  the  circumstances  of  the  particular  case — e.  g.,  a 
large  percentage  of  insulators  may  be  allowed,  but  a  smaller 
percentage  of  poles;  if  the  number  of  poles  and  length  of  the  line 
be  known  exactly,  the  excess  may  be  less  than  if  the  line  be  only 
measured  approximately,  as  when  a  road  or  railway  mileage  is 
made  the  basis  of  the  estimate  for  the  telegraph  line.     In  towns 
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the  telegraph  route  should  be  marked  out  on  a  plan  before  fram- 
ing the  estimate,  and  rivers  should  be  surveyed  before  estimating 
for  cables  or  long  air  spans.  Ordinarily  5  per  cent,  of  insulators 
may  be  safely  allowed  in  excess,  but  %\  per  cent,  of  wire  and  a 
still  smaller  percentage  of  poles  will  generally  be  found  sufficient. 
Some  articles,  as  fuel  for  making  joints,  are  usually  purchased  as 
required ;  stores  to  be  so  purchased  should  appear  in  the  estimate 
under  a  separate  heading.  Some  articles,  as  angle-pole  ties,  can 
only  be  estimated  for  approximately,  unless  the  line  has  been 
actually  marked  out  before  framing  the  estimate;  such  should 
be  taken  at  an  average  per  mile — e.g.,  two  angles  per  mile  may  be 
considered  an  average  on  a  road  line  on  level  country  when  the 
road  winds  but  slightly,  and  the  line  may  be  placed  on  adjacent 
land. 

425.  In  estimating  transport  of  materials,  water  carriage  is 
generally  the  cheapest,  railway  cheaper  than  road,  and  wheeled 
carriage  on  roads  cheaper  than  animal  carriage;  carriage  by  men. 
is  very  costly,  the  labour  is  difficult  to  obtain  in  sufficient  quan- 
tity, and  its  employment  necessitates  costly  superintendence, 
it  should  be  therefore  avoided  as  much  as  possible.  Railway 
carriage  is  the  quickest,  and  in  some  cases  may  be  therefore 
preferred;  bullocks  are  slower  than  horses,  but  in  many  countries 
their  labour  is  cheaper,  because  they  are  more  hardy,  cheaper  to 
purchase  and  to  feed,  and  they  require  less  attendance.  Carriage 
by  elephants  and  camels  is  exceptional ;  the  former  is  always 
more  expensive  than  bullock  carriage,  the  latter  is  adapted  to 
peculiar  conditions  only.  The  several  means  of  transport  adopted 
should  be  distinguished  in  the  estimate,  the  total  mileage,  the 
total  weight  carried,  and  by  land  the  rate  per  ton  per  mile 
should  be  shewn.  In  the  case  of  carriage  by  sea,  the  termini, 
the  rate  per  ton,  the  total  weight  carried,  and  the  total  cost  of 
carriage  should  be  shewn.  When  carriage  by  men  or  animals  is 
employed  it  is  convenient  to  adopt  a  smaller  unit  .than  the  ton, 
in  this  case  the  rate  per  hundredweight  or  per  thousand  pounds 
per  mile  may  be  shewn.  In  the  estimate  of  transport  must  be 
shewn  the  terminal  charges — i.  e.,  such  as  loading  and  unloading 
waggons  or  ships,  cartage  to  railway  stations  or  docks,  stacking 
the  stores,  &c. ;  these  may  be  conveniently  entered  at  a  certain 
percentage  on  the  freight.  Packing  charges  when  necessary 
should  also  be  estimated.  The  cost  of  distributing  stores  maybe 
estimated  separately  for  each  section  from  dep6t  to  dep6t;  the 
number  of  miles  to  be  travelled  in  distributing  may  be  calculated 
by  the  formula  for  the  sum  of  an  arithmetical  progression;  as 
the  waggons  or  other  means  of  transport  must  return  to  the 
dep6t  empty,  this  must  be  considered  in  the  calculation.     Some- 
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times  a  lower  rate  of  hire  is  paid  for  returning  empty,  but 
generally  this  has  to  be  paid  for  at  the  full  rate,  as  the  carriage 
is  hired  by  the  time  employed. 

426.  The  rate  of  distribution  as  cost  of  carriage  is  conveniently 
shewn  by  stating  the  cost  of  carrying  one  ton  one  mile.  The 
calculation  is  sufficiently  accurate  if  the  shortest  distance  from 
the  dep6t  travelled  by  a  loaded  vehicle  or  animal  be  taken  as 
the  first  term,  and  the  longest  distance  travelled  as  the  last 
term,  the  number  of  terms  is  the  number  of  loads  distributed 
from  the  dep6t ;  the  sum  of  the  progression  multiplied  by  the 
weight  carried  as  a  load  expressed  in  terms  of  a  ton,  represents 
the  number  of  tons  which  must  be  carried  one  mile,  to  equal 
the  work  of  distribution.  The  rate  per  ton-mile  is  the  sum  of 
the  cost  of  carrying  a  ton  one  mile,  and  the  fractional  cost 
allowed  for  the  means  of  transport  returning  empty;  and  the 
total  cost  of  the  distribution  is  the  cost  of  carriage  per  ton-mile, 
multiplied  by  the  total  number  of  ton-miles.  As  in  the  case  of 
carriage,  a  smaller  unit  of  weight  than  the  ton  may  be  adopted 
if  desirable.  From  the  above  it  will  be  seen  that  the  calcula- 
tion is  based  on  a  load,  although  the  stores  are  deposited  along 
the  route  in  smaller  quantities  it  is  not  necessary  to  consider 
less  than  a  load  in  calculating  the  cost  of  distribution.  When 
the  means  of  transport  is  paid  for  by  the  day,  the  return  journey 
being  paid  for  at  full  rate,  the  cost  per- ton-mile  is  obtained  by 
multiplying  the  cost  of  carriage  of  a  ton  one  mile  by  two.  Dis- 
tribution is  therefore  shewn  in  the  estimate  by  stating  the  names 
of  the  dep&ts,  the  distances  between  them,  the  means  of  transport 
adopted  in  each  case,  and  the  work  of  distribution  expressed  in 
tons  carried  one  mile.  The  cost  of  carriage  is  shewn  in  the  cost 
of  conveying  one  ton  one  mile  including  return  journeys,  for  each 
mode  of  transport  employed;  the  total  cost'  is  shewn  for  each 
section  between  two  dep6ts,  and  the  sum  of  the  costs  of  distribu- 
tion over  the  several  sections  is  the  total  cost  of  distribution. 
In  an  estimate  for  a  single  cable  or  river  crossing,  the  heading 
distribution  is  of  course  omitted. 

427.  The  Labour  statement  should  state  the  quantities  of  each 
kind  of  work  to  be  done,  the  quantity  which  each  man  can  do  in 
one  day,  the  rate  of  wages  per  day  per  man  for  each  description 
of  labour,  the  total  number  of  days'  work  of  one  man  necessary  to 
complete  each  description  of  work,  the  total  cost  of  the  labour  in 
each  case,  and  finally  the  total  cost  of  the  whole  labour  of  all 
kinds  required  to  construct  the  line.  Earthwork  may  be  esti- 
mated for  by  the  cubic  yard  when  the  work  to  be  done  is  digging 
a  trench  for  tubes  or  the  shore  end  of  a  cable,  or  forming  an 
embankment  for  a  junction  house;  but  post  holes  are  better 
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estimated  for  by  the  hole ;  this  is  more  convenient,  because  a 
certain  number  of  ordinary  holes  may  be  assigned  to  each  man  as  a 
days'  work.  The  erection  of  poles  may  be  estimated  for  on  the  basis 
of  a  fraction  of  a  days'  -work  of  one  man  necessary  to  erect  one 
pole,  this  is  shewn  with  the  number  of  poles  and  the  total  number 
of  days'  work  of  one  man  required  to  erect  them.  The  labour  of 
erecting  poles  depends  in  a  great  measure  on  the  diameter  of  the 
holes  measured  at  right  angles  to  the  alignment ;  if  the  holes  be 
bored,  or  only  just  wide  enough  to  receive  the  base  of  the  pole,  a 
gang  of  twelve  men  can  erect  60  to  80  16-feet  poles  per  day ;  but 
if  the  holes  be  3  feet  square,  and  cross  feet  or  base  plates  be 
used,  the  labour  of  placing  the  poles  accurately  in  the  alignment 
is  considerable,  and  two  poles  per  man  is  a  good  days'  work — a 
gang  of  10  men  erecting  20  poles.  The  extra  labour  is  absorbed 
in  placing  the  posts  correctly  in  the  alignment,  and  in  filling  in 
and  carefully  ramming  the  large  holes.  If  the  earth  be  merely 
thrown  into  the  holes,  heaped  up,  and  left  to  sink,  being  very 
little  rammed,  30  posts  may  be  erected  in  large  holes  by  a  -gang 
of  10  men ;  but  a  strong  wind  before  the  ground  has  been  con- 
solidated by  rain,  throws  the  posts  out  of  the  vertical — this  mode 
of  construction  should  therefore  be  avoided.  The  labour  of  putting 
in  anchors  and  erecting  ties  is  about  the  same  as  for  an  equal 
number  of  poles  with  cross  feet.  The  labour  of  laying  tubes  after 
digging  the  trench  varies  according  to  the  system  adopted.'  The 
wires  are  laid  out  on  the  ground  by  one  or  two  men  per  wire, 
another  gang  of  one  or  two  men  makes  the  joints,  and  a  third 
gang  of  from  four  to  eight  men  strains  the  wires  and  places  them 
on  the  posts;  more  men  are  used  when  the  wires  are  heavy  than 
when  they  are  light,  and  a  good  plan  is  to  have  a  separate  gang 
for  each  pair  of  wires.  If  the  wires  are  tied  to  each  insulator  this 
is  done  by  men  following.  The  work  is  estimated  for  separately, 
as  unrolling  wire,  making  joints,  straining  wire,  and  binding 
insulators.  The  practice  of  construction  differs  very  much,  and 
in  the  erection  of  wire  no  general  rule  can  be  given  for  calcu- 
lating the  labour  necessary — e.g.,  on  some  lines  stretching  insu- 
lators are  used,  on  others  the  line  is  fastened  to  every  insulator; 
much  of  the  labour  is  absorbed  in  carrying  the  tools,  and  a  large 
number  of  wires  may  be  erected  proportionately  cheaper  than 
one  or  two.  The  labour  at  terminals  is  often  considerable,  an 
allowance  must  be  made  for  this,  and  for  fitting  testing  balls  or 
other  fittings  in  the  line.  The  fitting  of  brackets  to  the  poles 
forms  a  separate  item,  its  amount  must  depend  on  the  form  of 
bracket  employed  and  the  manner  of  fitting  it ;  when  carpenters 
are  employed  for  this  work  it  is  best  done  at  the  dep&ts,.  and  the 
number  of  poles  a  carpenter  can  fit  in  a  day  may  readily  be  ascer- 
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tained  if  not  known.  Carpenters  and  smiths  required  to  repair 
tools,  men  required  to  clear  jungle,  and  all  other  kinds  of  labour 
required,  should  be  distinguished  from  each  other  in  each  case ; 
and  as  a  rule  the  quantity  of  work  a  man  can  perform  in  a  day, 
the  total  to  be  done,  and  the  total  number  of  men  required  to  do 
it,  should  be  shewn.  When  the  work  cannot  be  expressed  in  this 
manner,  as  in  clearing  jungle,  it  is  estimated  for  by  the  average 
number  of  men  required  to  do  it  per  mile  of  line.  The  number 
of  workmen  required  for  each  kind  of  work  having  been  shewn  as 
described,  an  estimate  of  the  cost  of  the  necessary  labour  is  merely 
a  statement  of  the  number  of  days'  work  to  be  done  by  each 
description  of  workman,  as,  carpenter,  smith,  labourer,  &c. ;  the 
rates  of  wages  per  day,  the  total  cost  for  each  description  of  labour, 
and  the  total  for  the  whole  work.  The  average  cost  of  labour 
per  mile  of  line  is  also  often  stated.  In  order  to  estimate  closely 
the  cost  of  labour  for  a  given  work,  experience  is  necessary  both 
of  the  work  and  the  particular  class  and  nationality  of  workmen 
to  be  employed.  Each  administration  and  individual  engineer 
has  a  different  mode  of  executing  the  work,  while  the  materials 
and  tools  differ  widely  in  form,  weight,  and  mode  of  application ; 
thus,  only  very  general  instructions  can  be  conveyed  under  this 
head,  and  it  is  only  desired  to  convey  a  general  idea  of  a  system 
which  has  been  found  to  work  well  in  India. 

428^  The  heading  Superintendence  needs  but  little  explanation, 
it  should  inalude  the  wages  and  travelling  expenses  of  all  persons 
employed  to  direct  and  supervise  the  labour  of  others ;  but  it  is 
manifest  that  men  employed  to  supervise  gangs  should  them- 
selves work,  so  far  as  consistent  with  efficiently  supervising  the 
men  for  whose  work  they  are  responsible. 

429.  Other  headings  than  the  above  are  added,  or  some  of 
those  given  are  omitted,  according  to  requirements;  the  labour 
of  masons,  bricklayers,  carpenters,  and  other  skilled  mechanics, 
when  employed  on  considerable  quantities,  may  be  estimated  for 
under  a  separate  heading,  but  as  a  rule  are  entered  under  the 
heading  of  labour.  The  heading  Miscellaneous  may  be  used  to 
include  charges  not  included  under  other  headings,  such  as  pur- 
chases of  petty  stores,  wages  of  temporary  clerks,  &c. 

430.  After  estimating  as  closely  as  the  data  will  permit,  a 
common  practice  is  to  add  a  percentage  on  the  total  amount  so 
obtained  to  provide  against  unforeseen  contingencies :  5  per  cent, 
may  be  considered  sufficient  to  allow  on  the  cost  of  labour, 
transport,  distribution,  &c;  but  as  extra  stores  and  tools  are 
provided  in  the  estimate,  1  per  cent,  to  2|  per  cent,  is  sufficient 
to  allow  for  unforeseen  requirements  under  this  heading.  When 
estimating  labour,  the  distance  over  which  the  tools  have  to  be 
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carried  and  the  work  is  distributed  must  be  considered  and 
allowed  for. 

431.  Repairs  when  extensive,  and  when  their  nature  and 
extent  are  known,  ai-e  estimated  for  in  the  same  manner  as  new 
work.  In  estimates  for  slight  repairs,  the  nature  and  extent  of 
which  are  known  only  in  a  general  way,  the  different  kinds  of 
work  may  be  distinguished  only  as  far  as  convenient,  and 
estimated  for  in  days'  work  or  value  of  the  work  per  mile — 
carriage,  stores,  supervision,  <kc,  being  estimated  approximately 
for  the  whole,  or  by  the  mile.  Estimates  for  costly  works  should 
state  very  fully  every  particular ;  for  small  works  the  estimate 
should  be  simple  in  form  and  brief.  When  a  permanent  estab- 
lishment is  engaged  to  repair  lines,  as  is  common  in  Europe, 
although  the  value  of  each  little  work  cannot  be  estimated  for, 
it  is  very  desirable  to  check  the  value  of  the  work  done,  to 
control  expenditure,  and  to  test  the  economy  of  the  organisation ; 
this  may  be  done  by  estimating  for  the  repairs  on  each  section 
for  one  year  in  one  estimate,  sanctioning  the  expenditure  on  this 
estimate,  and  comparing  the  cost  of  the  work  with  the  estimated 
cost.  It  generally  requires  more  experience  to  estimate  closely 
for  repairs  than  for  new  work,  particularly  when  heavy  jungle 
has  to  be  cut ;  but  with  local  experience  an  engineer  can  usually 
estimate  very  closely. 

432.  After  completion  of  the  work  under  an  estimate,  the 
engineer  entrusted  with  its  execution  may  submit  a  report  in  a 
somewhat  similar  form  to  that  of  the  estimate,  but  only  stating 
totals  and  results ;  the  actual  and  estimated  costs  of  the  work 
are  compared,  explanation  is  given  of  excess  or  defect  of  the 
former  as  compared  with  the  latter,  and  departures  from  the 
original  design  should  be  described  and  explained.  If  an 
estimate  be  well  framed,  the  actual  cost  of  the  work  should  be 
slightly  less  than  the  estimate ;  but  sometimes  by  judgment  and 
extra  zeal  on  the  part  of  those  entrusted  to  supervise  and  execute 
the  work,  a  considerable  saving  on  the  estimated  cost  may  be 
effected,  as  in  estimating  only  ordinary  conditions  in  these 
respects  can  be  assumed.  The  system  described  above  is  in 
very  general  terms  that  employed  in  India ;  it  has  stood  the 
test  of  experience ;  it  gives  the  maximum  control  over  both 
design  and  expenditure,  with  the  minimum  of  obstructiveness ; 
the  estimate  is  short  and  concise  in  form,  the  system  being 
regular,  the  estimates  serve  to  check  each  other,  and  by  their 
use  the  cost  of  work  in  every  part  of  the  country  has  been 
ascertained. 
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Section  III. — Construction  of  Land  Lines. 

433.  Before  a  line  can  be  marked  on  the  ground  its  mechanical 
details  must  be  decided,  as  the  dip  of  the  wire,  its  minimum 
height  above  the  earth,  the  heights  of  the  posts,  their  transverse 
strength,  the  load  on  the  wire,  the  number  of  posts  per  mile,  the 
maximum  and  minimum  distances  from  the  road  or  railway,  the 
maximum  angle  admissible,  &c.  One  or  two  catenary  curves  cut 
in  sheet  metal  or  card  should  be  provided,  being  calculated  in 
accordance  with  the  factor  of  safety  and  modulus  of  tenacity  of 
the  wire  to  be  used.  The  operation  of  marking  out  the'  line  is 
best  performed  by  the  engineer  marking  the  sites  for  the  angle 
pole  and  those  poles  the  sites  of  which  are  fixed  by  the  nature  of 
the  ground,  river  masts,  and  the  terminals  of  cables;  the  sites 
of  intermediate  poles  are  marked  by  an  assistant,  the  engineer 
making  any  alteration  requisite;  alteration  is  seldom  necessary 
if  the  first  operation  has  been  well  performed.  To  facilitate  the 
work  of  the  assistant,  when  two  angle  poles  occur  far  apart  the 
engineer  should  mark  the  site  of  one  intermediate  pole  in  addi- 
tion to  the  angle  poles;  the  assistant  is  not  usually  furnished 
with  surveying  instruments,  excepting  a  tape  or  chain.  In 
towns,  particularly  for  underground  lines,  the  whole  work  must 
be  marked  out  by  the  engineer,  at  least  on  paper — this  cannot  be 
entrusted  to  an  assistant.  In  crossing  bridges,  before  any  work 
is  done  the  engineer  in  charge  of  the  bridge  should  be  consulted, 
especially  if.  the  ironwork  or  masonry  of  the  bridge  is  i;o  be 
interfered  with.  In  towns  care  must  be  taken  to  ascertain 
the  positions  of  gas  and  water  pipes,  sewers,  &c.  The  principal 
faults  to  be  avoided  are — placing  poles  on  low  ground  when  the 
ground  rises  between  them,  so  that  the  line  is  brought  too  near 
the  ground,  and  placing  poles  on  ground  so  much  lower  than 
that  on  each  side  that  with  the  ordinary  dip  the  low  pole  is 
superfluous.  Taller  poles  than  ordinary  are  frequently  neces- 
sary near  obstacles,  as  huts  and  walls,  to  keep  the  line  clear.  A 
pole  is  necessary  on  each  side  of  a  road  or  railway  when  the  line 
crosses  either  of  these,  but  the  sites  of  these  poles  being  fixed, 
the  intervals  must  be  so  divided  as  to  approximate  to  the  stan- 
dard spacing  and  distribute  the  poles  as  regularly  as  possible. 
When  several  angles  occur  near  each  other  care  should  be  taken 
to  make  them  equal,  or  as  nearly  so  as  practicable.  The  number 
of  angles  in  the  line  should  be  kept  as  small  as  possible  without 
in  any  case  exceeding  the  maximum  angle  admissible,  hence  very 
slight  angles  do  not  as  a  rule  appear  in  a  line  well  marked 
out,   excepting  when  the  alignment  is   fixed,  as    on    railway 
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curves  and  in  street  lines.  When  huts,  walls,  and  other 
obstacles  occur  in  the  alignment  marked  (as  is  common  at 
railway  stations),  which  may  render  high  poles  or  other  expen- 
sive measures  necessary  and  interfere  with  rapid  inspections, 
the  ground  should  be  examined  to  ascertain  if  the  alignment 
can  he  changed  to  avoid  the  obstruction;  if  it  cannot,  a  long 
pole  close  to  the  obstruction,  or  a  short  one  on  it,  is  necessary, 
and  the  spacing  on  each  side  must  be  altered  accordingly.  The 
greatest  deviation  from  the  standard  distance,  excepting  at  road 
crossings,  is  half  a  distance,  and  this  is  sufficiently  divided  when 
distributed  over  four  spaces — e.  g.,  if  circumstances  render  it 
necessary  to  place  a  pole  at  a  point  half  the  standard  distance 
from  the  site  selected  for  another  pole,  instead  of  placing  two 
poles  half  a  distance  apart,  and  the  poles  on  each  side  of  these 
the  correct  standard  distance,  the  sites  already  selected  should 
be  altered,  and  the  half  distance  equally  distributed  over  four 
distances,  either  by  moving  four  poles  forward,  thus  absorbing 
the  half  distance  and  saving  a  pole,  or  by  moving  four  poles 
backward,  placing  them  nearer  together  and  using  an  extra  pole; 
in  the  first  case  four  distances  would  be  increased  each  to  nine- 
eighths,  in  the  latter  four  distances  would  be  decreased  each  to 
seven-eighths  of  the  standard  distance.  The  sites  for  the  angles 
and  fixed  sites  being  marked,  the  sites  for  intermediate  poles  are 
marked,  the  angle  pegs  being  afterwards  moved  if  practicable  to 
make  the  spacing  correct.  The  engineer  only  marks  the  angles 
and  fixed  posts,  the  intermediate  ground  is  measured  and  pegs 
or  staves  put  in  by  assistants,  the  whole  is  examined,  the  posi- 
tion of  every  pole  and  differences  of  level  being  scrutinised  by 
the  engineer,  who  puts  in  pegs  for  anchors  and  alters  the  posi- 
tions of  pegs  where  necessary.  At  angles  the  common  plane  of 
the  tie  and  pole  should  bisect  the  angle ;  the  site  for  the  anchor 

hole  is  best  marked  with  the  compass, 

c  it  may,  however,  be  marked  with  a 

\~n.  ^7^  string.      The  string  is  prepared  as 

\^s^  n   ^^^/        in  fig.  80;  it  has  knots  at  A,  B,  C, 

/  and  D;  AB  and  AC   are   equal  to 

y  each  other,   and    likewise   CD   and 

BD,  AE  is  a  piece  of  string  tied  to 

the  knot  at  A;  if  A  be  placed  against 

V  the    pole   peg,    A  C    and    A  B    be 

\  stretched  in  the  alignment  on  each 

>E  side,  and  if  D  be  drawn  so  that  CD, 

DB  be  tight,  then  AD  marks  the 

direction  of  the  anchor;  AE  is  drawn 

Fig.  80.  tightly  and  brought  over  D,  and  a 
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knot  on  E  marks  the  centre  of  the  anchor  pit.  Terminal  poles 
■when  also  angle  poles  usually  have  two  ties,  one  on  the  opposite 
side  to  each  line;  but  when  the  angle  made  by  the  lines  is  very 
obtuse  these  ties  are  insufficient;  a  tie  in  the  line  bisecting  the 
angle  must  be  used  with  or  without  the  other  two,  as  in  practice 
the  two  ties  described  are  found  insufficient  to  keep  the  post 
perpendicular.  At  slight  angles,  if  the  ground  be  good  ties  are 
not  necessary ;  but  unless  the  ground  beifirm,  even  poles  at  very 
slight  angles  are  drawn  out  of  the  perpendicular,  and  this  gives 
the  structure  an  unsightly  appearance.  By  some  engineers 
angle  poles  are  not  tied  unless  the  force  to  which  they  are 
subjected  surpasses  their  working  load,  but  although  there  is  a 
saving  in  first  cost  this  is  sometimes  more  than  counterbalanced 
by  the  necessity  for  occasionally  putting  the  poles  again  vertical, 
or  the  line  becomes  unsightly;  it  is  as  a  rule  better  io  tie  every 
angle  even  on  railway  curves.  When  it  is  not  possible  to  tie  a 
pole  from  want  of  space,  coupled  or  A  poles  may  be  used;  but 
coupled  poles  are  much  more  expensive  than  tied  poles,  and 
should  therefore  only  be  used  when  unavoidable.  The  pegs  for 
coupled  poles  should  be  put  in  carefully,  in  order  that  the  plane 
passing  through  the  axis  of  the  poles  may  bisect  the  angle  made 
by  the  line.  In  pegging  out  a  line  the  placing  of  the  pegs  must 
depend  on  the  mode  of  construction  to  be  adopted;  if  holes  are  to  be 
bored  and  the  poles  put  in  without  cross  feet  or  earth  plates,  then 
a  single  peg  may  be  placed  for  each  pole,  excepting  at  the  angles, 
where  two  or  more  may  be  used.  The  holes  for  the  intermediate 
posts  are  then  all  bored  on  the  same  side  of  each  peg  and  in  the 
alignment,  or  on  the  sites  of  the  pegs;  at  the  angles  they  are  bored 
between  the  two  or  more  pegs  used,  and  the  anchor  hole  is  bored 
on  one  side  of  the  anchor  peg  in  the  continuation  of  the  line 
bisecting  the  angle.  If  the  poles  have  earth  plates  or  cross  feet 
the  holes  have  to  be  larger,  and  in  long  straight  lines  there  is  great 
difficulty  in  keeping  to  the  alignment  if  the  eye  alone  be  trusted 
to  ;  in  this  case  a  good  plan  is  the  following : — After  the  single 
peg  marking  the  position  of  each  pole  has  been  put  in,  apply  a 
gauge,  shewn  in  fig.  81  AB  to  the  peg  at 
C,  and  put  in  a  peg  on  each  side  through 
the  holes  A  and  B  in  the  gauge,  the  gauge  A 
and  centre  peg  is  removed,  and  after  the  i—g 
hole  (shewn  in  the  figure  by  the  dotted  In- 
line) lias  been  dug,  the  gauge  is  again 
applied   to   the   pegs    A    and    B    across  Fig.  8-1. 

the  hole,  the  pole  is  then  placed  in  the 

semi-circular  notch  of  the  gauge,  as  shewn  in-  the  figure  C.     The 
gauge  may  be  made  of  a  piece  of  board,  or  of  stout  wire  bent  to 
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a  proper  form ;  it  is  better  made  of  wood  than  of  wire,  but  the  latter 
is  more  generally  available.  When  the  holes  are  made  long  in 
the  alignment,  and  not  wider  than  the  pole,  a  single  peg  is  suf- 
ficient as  when  the  holes  are  bored.  On  short  pieces  of  straight 
line  there  is  not  much  danger  of  the  alignment'  being  departed 
from,  and  the  gauge  is  not  necessary ;  but  when  long  straight 
lines  of  holes  have  to  be  dug  far  in  advance  of  the  gang  erecting 
the  poles,  the  gauge  is  a  necessity  ;  generally  less  skilled  labour 
is  necessary,  and  the  work  is  done  more  accurately  and  quicker 
when  it  is  used.  When  there  is  difference  in  level,  the  pro- 
perties of  the  catenary  should  be  remembered  in  placing  the 
poles :  if  a  difference  of  level  occurs  abruptly,  as  when  a  pole 
is  placed  on  a  building,  or  a  high  pole  is  used  to  cross  an 
obstruction,  the  low  pole  should  not  be  placed  nearer  to  the 
high  one  than  the  distance  which  gives  no  dip  below  the  lower 
point  of  suspension,  the  curve  being  half  a  catenary ;  this  dis- 
tance should  be  calculated,  and  so  increased  that  the  dip  below 
the  lower  point  of  suspension  be  equal  to  the  standard  dip. 
When  a  valley  has  to  be  crossed  the  dip  of  a  line  suspended  over 
it  should  be  calculated;  or  an  elevation  of  the  tall  objects  in  the 
valley  may  be  drawn  to  scale,  and  a  curve  of  the  line  cut  to  scale 
being  applied  to  this  drawing,  it  will  be  at  once  apparent  if  it  be 
necessary  to  place  poles  in  the  hollow,  or  if  it  be  decided  to  place 
poles  in  the  hollow  it  will  be  apparent  if  these  poles  should  ex- 
ceed the  standard  height.  In  general,  hollows  and  hills  should  be 
regarded  as  advantageous,  affording  facilities  for  reducing  the  num- 
ber of  supports.  A  line  raised  by  being  traced  from  hill  to  hill 
may  in  some  cases  be  raised  above  jungle  and  trees,  thus  saving 
the  expenses  of  the  first  and  the  periodical  clearings  which,  when 
through  heavy  jungle  and  wood,  cause  an  enormous  enhance- 
ment of  the  cost  of  construction  and  maintenance.  Where  a 
pole  is  on  slightly  lower  ground  than  those  on  each  side  of  it,  it 
is  sometimes  lengthened,  but  this  is  not  necessary  excepting  for 
•  appearance,  as  the  effect  of  unequal  height  in  the  poles  is  to 
distribute  merely  the  vertical  load  unequally,  and  although  it  is 
desirable  to  distribute  this  uniformly,  such  a  small  part  of  the 
working  strength  of  the  poles  is  used  up  that  considerable  ine- 
quality is  admissible.  In  India,  when  erecting  lines  over  uneven 
ground,  the  poles  being  17  feet  6  inches  in  height,  variations  in 
height  are  obtained  by  placing  the  poles  deeper  to  a  maximum 
excess  of  18  inches  or  less  deep  to  a  maximum  defect  of  1  foot, 
and  by  using  poles  varying  in  length  to  a  maximum  in  general 
of  24  feet.  On  inclines  and  elsewhere  when  there  is  necessarily 
inequality  in  heights  of  poles,  this  may  be  taken  advantage  of  to 
economise  poles,  excepting  when  an  angle  must  be  made  near 
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a  tall  pole  by  reason  of  buildings  or  other  obstructions  occupy- 
ing the  ground.  On  inclined  ground  no  attempt  should  be  made  to 
place  the  tops  of  the  posts  on  the  same  level  by  the  use  of  posts 
of  unequal  heights,  this  is  expensive,  unnecessary,  and  the  use  of 
poles  the  same  length  distributes  the  load  most  equally.  On  a  regu- 
lar incline  the  poles  cannot  be  separated  beyond  the  normal  dis- 
tance, as  when  abrupt  differences  occur  in  the  levels  of  the  ground ; 
for  if  the  poles  were  so  placed  that  the  wire  in  each  span  formed 
half  a  catenary,  the  bulging  of  that  half  below  the  line  joining 
the  points  of  suspension  in  a  direction  at  right  angles  to  that 
line,  would  be  greater  than  the  normal  dip  on  horizontal  ground, 
and  hence  the  wire  would  be  nearer  the  soil  than  the  minimum 
distance ;  in  these  cases  a  curve,  either  in  metal  or  card-board, 
drawn  to  rather  a  large  scale,  should  be  applied  to  a  drawing  of 
the  ground,  and  the  marking  out  done  so  as  to  place  the  poles  at 
the  maximum  distance  apart  consistent  with  the  minimum  dis- 
tance between  the  wire  and  the  earth  being  maintained.  In 
towns  the  lines  are  either  taken  underground  in  tubes  or 
overground;  in  the  former  case  the  tubes  usually  follow  the 
lines  of  the  streets,  and  it  is  necessar}'  to  fix  on  positions  for 
draw-boxes  so  that  the  wires  may  be  got  round  corners  without 
difficulty  ;  in  the  latter  case  sometimes  great  difficulties  are  ex- 
perienced. When  the  houses  are  of  unequal  heights  and  are  many 
of  them  deficient  in  strength,  as  in  Indian  towns,  the  line  has  to 
be  constructed  on  poles  mostly  of  considerable  height ;  the  line 
should  follow  the  lines  of  the  streets  that  it  may  be  readily 
inspected,  but  it  should  nowhere  obstruct  traffic.  Overground 
town  lines,  when  the  buildings  admit  of  it,  are  most  economically 
constructed  on  the  roofs  of  buildings ;  such  lines  have  the  advan- 
tages of  not  occupying  the  thoroughfares,  being  much  shorter  and 
less  liable  to  accident  than  street  lines,  but  they  are  more  diffi- 
cult to  inspect.  Such  lines  are  best  laid  down  provisionally  on  a 
plan  of  the  town,  then  the  marking  out  is  done  on  inspection  of 
the  several  points  chosen  for  supports.  When  poles  are  erected 
on  roofs  they  are  usually  shorter  than  those  erected  on  the  ground ; 
they  should  be  placed  over  a  beam,  a  socket  being  first  fixed  to 
receive  the  pole,  and  the  spot  chosen  should  allow  of  the  neces- 
sary stays  having  sufficient  spread  and  proper  points  of  attachment. 
The  insulators  may  be  supported  on  iron  brackets  bolted  or  let 
into  walls  or  chimney  stacks,  unless  the  wires  be  very  numerous ;  in 
London  there  are  many  poles  erected  on  houses,  in  Paris  brackets 
are  fastened  to  the  masonry — the  latter  system  is  more  economica 
and  safer  when  the  lines  are  few.  For  town  lines  a  system  of 
squares  or  triangles  is  usually  adopted  when  the  lines  are  taken 
over  the  houses,  such  a  system  can  only  in  part  be  adopted  to 

2  b 
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■street  lines.  Lines  in  drains  and  other  underground  passages 
not  constructed  for  the  purpose,  should  be  marked  on  a  plan, 
and  afterwards  marked  on  the  sites  selected ;  in  Paris  the  sewers 
and  catacombs  contain  many  of  the  town  lines.  In  some  parts 
of  Prussia  lines  are  suspended  from  living  trees  by  means  of 
a  swinging  insulator;  fixed  insulators  may  be  spiked  to  living 
trees  when  lines  have  to  be  hurriedly  constructed,  as  for  military 
purposes.  At  a  river,  if  the  span  be  short,  an  air  span  should 
be  preferred;  in  general,  air  spans  should  be  preferred  where 
practicable,  cables  being  used  only  where  necessary.  When 
the  current  is  slow,  the  bed  and  banks  permanent  and 
not  rocky,  there  is  no  danger  from  traffic,  and  an  air  span 
would  be  very  expensive  or  is  impracticable — a  cable  is  used. 
3?or  an  air  span  a  narrow  part  of  the  stream  should  be  chosen, 
the  line  should  not  cross  obliquely,  the  level  of  the  highest 
known  flood  should  be  inquired  about,  the  usual  height  to  which 
the  river  rises  should  be  found,  and  the  maximum  height  of  the 
masts  of  boats  or  ships  navigating  the  river  should  be  noted. 
The  masts  may  be  erected  on  ground  liable  to  inundation  if  on 
sites  out  of  the  current,  particularly  if  the  span  may  be  de- 
creased thereby;  timber  masts  on  such  ground  are  safe  from  the 
attacks  of  white  ants  and  some  other  destructive  insects — pine 
and  other  soft  wood  is  not  attacked  by  white  ants  in  India  under 
these  conditions.  Stayed  masts  must  not  be  placed  in  currents, 
as  driftwood  is  liable  to  catch  in  the  stays.  When  the  stream  is 
liable  to  great  variations  in  current  and  level,  as  with  rivers  in 
tropical  countries,  it  should  be  inspected  when  at  its  highest;  the 
principal  survey  is  best  taken  when  it  is  at  its  lowest  level.  For 
an  air  span  the  river  need  not  be  sounded,  but  its  width  must  be 
measured,  and  the  levels  of  the  banks  and  the  highest  level  of  the 
water  should  be  taken,  to  deduce  the  heights  of  the  masts  and 
the  minimum  admissible  height  of  the  wire.  As  high  masts 
cannot  as  a  rule  be  made  angle  poles,  the  sites  for  their  erec- 
tion should  be  chosen  so  as  to  allow  of  the  junction  of  the  land 
and  span  wires  being  placed  in  a  line  with  che  span,  and  at  a 
distance  from  the  masts  calculated  to  allow  the  standard  dip 
below  the  terminal  insulator;  and  a  road  or  railway  line  should 
leave  the  road  or  rail  so  as  to  join  the  span  without  angles  un- 
necessarily sharp  or  numerous.  If  a  stream  has  to  be  crossed  by 
a  cable  the  levels  of  the  banks,  of  floods,  and  of  low  water,  the 
depth,  nature  of  the  bottom,  current,  positions  of  anchorages,  and 
width,  must  be  ascertained;  the  nature  and  extent  of  the  changes 
of  banks  and  bottom  should  as  far  as  possible  be  ascertained  by 
examination  and  inquiry.  In  taking  levels  the  theodolite,  water 
level,  mirror  level,  or  other  available  instrument  may  be  employed; 
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the  section  should  include  the  terminal  poles  or  junctions  of  the 
span  or  cable  with  the  land  line.  A  trial  line  should  be  ranged 
by  ■whites,  staves,  or  pegs,  and  this  line  levelled  if  necessary; 
a  second  trial  line  is  taken,  and  the  process  repeated,  until  a 
suitable  line  is  found ;  in  all  cases  before  taking  levels,  lines  are 
ranged  on  the  ground;  and  if  these  are  to  be  marked  on  the 
plan,  then  their  positions  relative  to  surrounding  objects,  par- 
ticularly to  the  sites  chosen  for  masts  or  other  structures,  must 
be  measured  for  placing  on  the  plan.  The  last  post  of  the  line, 
or  the  junction  post,  or  a  peg  marking  its  site,  furnishes  the  best 
datum  point  to  which  levels  may  be  referred,  and  several  bench 
marks  are  necessary  when  taking  soundings.  A  river  may  be 
examined  as  follows : — The  engineer  is  rowed  across  several  times 
between  different  points,  taking  soundings  to  obtain  a  general 
idea  of  the  nature  of  the  bottom  and  the  depth.  If  these  be 
found  suitable — that  is,  the  bottom  has  no  abrupt  differences  of 
level  or  rocks  likely  to  cause  injury  to  the  cable— then  a  set  of 
soundings  may  be  taken  for  entry  on  the  plan,  and 
to  mark  the  line  in  which  the  cable  should  be  laid. 
A  graduated  post  or  staff  should  be  erected  in  the 
water  near  the  beach,  its  level  should  be  taken, 
and  the  variations  of  level  of  the  water  should  be 
observed  on  the  staff  while  the  soundings  are  being 
taken ;  at  a  signal  from  the  boat  the  level  of  the 
water  can  be  read  off  as  each  sounding  is  taken. 
Two  poles  should  be  ranged  'on  shore  in  the  line 
in  which  it  is  desired  to  take  soundings,  as  AB, 
fig.  82,  and  a  third  pole  0  is  placed  at  a  measured 
distance  from  B;  the  surveyor  then  proceeds  across  p>j~  g2_ 
the  stream,  keeping  in  the  line  ABE,  and  at  the 
moment  of  sounding  he  takes  the  angle  between  B  and  C,  as 
B1C ;  this  angle,  the  angle  CBE,  and  the  length  of  the  side  BC, 
being  known,  the  distance  Bl  may  be  calculated,  and  the  position 
of  each  point  sounded  determin  ed ;  the  tide  gauge  being  read  at  the 
same  instant  by  the  man  on  shore,  the  data  required  to  draw  a 
section  of  the  stream  in  the  direction  AE  may  be  obtained,  or 
the  depth  at  each  point  may  be  marked  on  the  plan.  The 
readiest  mode  of  plotting  the  soundings  is  to  draw  a  line  ED 
through  0  parallel  to  AE,  and  set  off  at  C  angles  equal  to  those 
measured;  the  points  in  which  the  lines  1C,  2C,  &c,  cut  AE 
represent  the  points  at  which  soundings  were  taken;  for  the 
angle  A1C  is  equal  to  the  angle  DC1,  <fec.  The  position  of  C 
should  be  so  chosen  that  the  least  angle  measured  may  exceed 
30°.  Both  in  the  preliminary  survey  and  in  marking  out  the 
line,  damage  to  property  should  be  as  far  as  possible  avoided ; 


372  TELEGRAPH    CONSTRUCTION   AND    MAINTENANCE. 

avenues  of  trees  along  public  roada  should  not  be  injured ;  the 
clipping  of  branches  may  be  necessary,  but  all  beyond  this  should 
be  avoided  by  marking  the  line  inside  or  outside  the  avenue  or 
under  the  trees.  The  last  position  should  be  chosen  with  great 
caution,  as  falling  branches  may  damage  the  line  during  storms ; 
this  is  more  likely  to  happen  with  very  old  trees,  and  when  the 
trees  are  much  higher  than  surrounding  objects. 

434.  In  despatching  stores,  packing  charges  should  be  econo- 
mised by  dispensing  with  packing  cases  as  far  as  possible ; 
insulators,  tools,  and  small  articles  are  necessarily  packed  in 
boxes ;  line  wire  is  made  into  coils,  and  bound  with  red-hot 
wire,  which  by  its  contraction  on  cooling  compresses  the  coils 
together.  Thin  wire  is  packed  in  boxes,  gutta-percha  and  India- 
rubber  covered  wire  in  air-tight  drums  of  thin  sheet  iron  or  zinc; 
stays  and  ties  may  be  tied  in  bundles ;  anchors,  cross  feet,  base 
plates,  <fec,  may  be  tied  up  in  bundles  with  wire  or  shipped 
loose;  cable  is  coiled  either  in  water  tanks  or  simply  in  the 
ship's  hold,  the  layers  being  separated  by  planks  or  pieces  of 
wood.  Packages  and  bundles  should  not  exceed  a  weight  easily 
handled;  200  lbs.  is  a  heavy  package,  150  lbs.  is  a  good  maximum 
in  practice;  if  much  heavier  the  cases  get  broken,  or  the  articles 
are  liable  to  be  roughly  used,  and  large  packages  are  incon- 
venient to  distribute.  Twenty-five  large  or  fifty  small  insulators 
are  sufficient  in  one  package.  The  number  of  packages  and  the 
contents  of  each  package  should  be  stated  on  the  advice  of 
despatch ;  every  case  should  be  distinctly  marked  in  at  least  two 
places  with  the  nature  of  contents,  or  with  a  number  correspond- 
ing to  a  number  on  the  advice  list.  Care  should  be  taken  to 
avoid  cartage  as  far  as  possible,  and  rather  than  cart  stores  to  a 
place  of  safety,  it  is  usually  better  to  employ  a  watchman  to 
guard  them  for  the  short  time  between  their  receipt  at  one  place 
and  re-despatch  to  another,  stacking  them  on  the  spot.  A 
number  of  stations  on  the  route  of  the  projected  line  are  selected 
as  dep6ts  for  stores,  from  which  the  materials  are  ultimately 
distributed ;  the  ultimate  distribution  may  be  carried  on  with 
the  work  of  construction,  in  this  case  the  distribution  must  be 
kept  somewhat  in  advance  of  the  construction  to  prevent  delays, 
but  small  stores  should  not  be  distributed  much  in  advance  of 
the  construction,  as  they  are  thereby  liable  to  be  stolen  or 
lost.  Insulator  cases  should  be  opened  by  the  men  who  have  to 
erect  the  insulators,  but  not  until  actually  required.  Solder  should 
be  served  out  to  the  men,  and  not  deposited  on  the  line ;  posts 
may  be  distributed  far  in  advance  of  the  construction,  but  they 
should  not  be  suffered  to  lie  on  wet  ground  long.  For  primary 
distribution  as  many  dep&ts  as  possible   should  as  a  rule  be 
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selected,  as  the  cost  of  distribution  is  thus  cheapened  and  is 
more  under  control ;  the  ultimate  distribution  on  each  section 
should  not  be  equally  from  the  two  depots  at  its  extremities, 
although  this  -would  be  the  cheapest  mode ;  it  is  found  more 
economical  in  practice  to  distribute  rather  more  from  the  dep6t 
from  which  the  construction  proceeds,  as  otherwise  stores  may 
be  overcarried ;  in  India  not  more  than  two-thirds  are  distributed 
forward,  one-third  is  distributed  backward ;  the  inequality  may 
be  much  less  with  advantage  if  requirements  have  been  closely 
calculated.  On  railways,  stores  are  distributed  by  special 
train,  stopping  regularly  at  short  intervals ;  or  are  deposited 
at  each  station.  When  carts  or  animal  carriage  must  be  used 
along  the  whole  line,  and  the  stores  must  be  distributed  from 
each  end,  the  small  stores  only  should  be  conveyed  to  dep6ts  on 
the  line,  and  the  poles,  insulator  cases,  and  heavy  stores  generally 
should  be  distributed  directly  from  the  ends  of  the  line.  It  is  a 
great  advantage  if  the  line  can  be  marked  out  before  the  dis- 
tribution is  commenced ;  this  course  leaves  the  engineer  free  to 
superintend  the  execution  of  the  work  more  minutely,  and  the 
distribution  can  be  better  done.  The  work  of  distribution  in 
large  towns  and  in  countries  covered  by  a  close  network  of 
railways,  roads,  and  canals,  is  a  very  simple  matter.  In  laying 
pipes  for  underground  wires  in  towns  the  stores  must  be  distri- 
buted as  required.  In  distributing  generally  care  must  be  taken 
to  place  the  stores  out  of  the  way  of  traffic  on  the  track,  road,  rail- 
way, or  towing  path,  as  the  case  may  be.  Carts  and  bullocks  in 
India  are  preferably  hired,  but  if  required  for  regular  employ- 
ment for  several  months,  it  is  more  economical  to  purchase  them 
and  sell  when  done  with.  In  using  canoes  and  lightly-built 
boats  such  as  those  used  in  India,  the  cargo  should  be  well 
distributed,  and  not  a  full  one,  as  such  boats  are  unsuited  to 
other  than  distributed  cargo,  as  grain,  salt,  <fcc.  In  employing  a 
large  number  of  rough  carts,  consider  the  load  admissible  on  each 
wheel  and  axle;  do  not  exceed  this,  and  if  the  supply  of  carts  is 
deficient  carry  extra  wheels  in  case  of  accident.  Men  handling 
stores  in  large  quantities,  as  in  stacking,  loading  waggons,  &c, 
should  be  furnished  with  leather  palms  to  save  their  hands,  rope 
slings,  and  other  simple  appliances  to  facilitate  their  work,  as 
labour  is  thereby  saved,  and  the  stores  are  less  liable  to  be 
roughly  used. 

435.  The  work  of  construction  is  usually  best  performed  by 
small  independent  gangs  of  men;  if  the  men  work  in  large  bodies 
they  do  less  in  proportion,  to  the  number  employed;  even  in 
clearing  jungle,  when  a  large  number  of  men  have  to  be  employed- 
at  the  same  time,  they  should  be  separated  into  gangs,  and  the 
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men  in  each  gang  should  be   spread,   excepting  when   thorny- 
jungle  (like  cane)  requires  many  men  to  work  together. 

436.  For  digging,  holes  steel  spades,  or  in  India  phaoras  are 
iised  ;  for  hard  soil,  picks ;  for  making  small  holes,  crowbars  or 
jumpers ;  for  filling  in  earth,  sometimes  shovels,  but  generally 
the  steel  spade ;  for  consolidating  it,  rammers  with  long  handles. 
A  gauge,  fig.  81,  may  be  used  to  place  posts  correctly  in  plan, 
and  a  plumb  rule  may  be  used  to  place  them  correctly  vertical. 
When  the  holes  are  deep,  baskets  may  be  used  to  hand  up  the 
earth.  Boring  tools  are  used  for  small  deep  holes.  As  a  rule 
only  steel  spades  should  be  carried,  rather  than  both  spades  and 
shovels.  Pole  holes  are  usually  dug  by  men  working  singly, 
each  man  digging  a  fixed  number  of  holes  as  a  day's  work ;  if 
the  ground  be  very  hard,  two  or  even  three  men  may  work  at 
the  same  hole  ;  if  the  ground  be  rocky,  then  cairns  or  plinths  of 
masonry  may  be  erected  to  receive  the  poles,  or  shallow  holes 
may  be  jumped  and  the  poles  fixed  with  cement  or  plaster.  In 
the  last  case  cross  feet  or  earth  plates  are  always  dispensed  with, 
and  frequently  also  in  the  second ;  the  lowest  segments  of  iron 
poles  to  be  inserted  in  rock  are  commonly  shorter  and  smaller  in 
diameter  than  those  to  be  inserted  in  ordinary  earth,  the  upper 
part  of  the  pole  being  the  same  in  each  case.  Generally  in  hard 
soil  the  cross  feet  or  base  plates  may  be  dispensed  with,  and 
unless  the  soil  be  very  bad  or  the  post  be  of  very  small  diameter, 
it  is  cheaper  to  insert  the  poles  a  depth  sufficient  to  admit  of 
these  being  dispensed  with  than  to  use  them.  In  forming  em- 
bankments, digging  large  holes  for  masts,  digging  trenches  for 
tubes,  cables,  <fcc,  many  men  are  employed  together;  but  for 
boring  and  digging  many  holes  of  the  same  size  the  men  should 
be  employed  either  singly  or  in  small  gangs.  The  holes  should 
be  completed  at  least  half  a  day's  work  in  advance  of  the  poles 
erected.  If  large  holes  be  dug  to  receive  cross  feet,  they  cannot 
be  dug  much  in  advance  on  long  straight  lines  unless  a  gauge  or 
frame  be  used  to  place  the  poles  exactly  on  the  spot  marked;  for 
if  the  poles  be  put  into  the  holes  by  the  eye  alone  the  alignment 
cannot  be  kept,  and  when  many  intermediate  poles  occur  together 
— i.  e.,  without  angle  posts  between  them — the  line  will  be  de- 
parted from,  and  the  holes  require  to  be  enlarged  or  others  must 
be  dug;  hence  the  superiority  of  holes  narrow  at  right  angles 
to  the  alignment — they  may  be  dug  far  in  advance,  and  conse- 
quently admit  of  the  work  being  carried  on  quickly  without  fear 
of  alteration  being  necessary,  and  labour  is  saved;  but  some  of 
the  objections  to  large  holes  are  removed  by  the  use  of  the  gauge. 
"When  the  ground  is  so  hard  that  it  is  cheaper  to  erect  cairns  or 
plinths  of  rough  masonry  than  to  dig  holes,  then  the  former 
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should  be  preferred.  Plinths  are  built  of  rough  coursed  masonry, 
the  blocks  being  merely  quarry-faced ;  cairns  are  simply  heaps  of 
stones  with  wet  earth  or  clay  instead  of  mortar.  In  India  they 
are  built  in  four  courses ;  they  are  6  feet  diameter  at  base,  3  feet 
at  top,  conical  in  shape,  and  3  feet  high ;  the  pole  is  inserted  8 
inches  in  the  solid  ground  below,  and  the  whole  is  covered  with 
earth  and  sown  with  grass.  Whenever  suitable  stones  can  be  pro- 
cured cairns  should  be  built  as  described  for  rubble  masonry;  when 
cairns  or  masonry  plinths  are  employed,  the  pole  should  always 
be  placed  a  short  distance  in  the  solid  ground,  and  temporary 
stays  of  cheap  rone  should  be  applied  until  the  work  has  set. 

437.  After  the  holes  have  been  dug  a  gang  of  men  erects  the 
poles.  The  number  of  men  it  is  most  economical  to  employ  in 
this  gang  depends  on  the  weight  of  the  poles,  the  size  of  the 
holes,  the  strength  of  the  men,  the  capacity  of  the  man  direct- 
ing each  gang,  and  the  mode  of  erecting  the  poles,  as  in  some 
cases  shears  or  a  gyn  is  used.  The  number  of  men  in  one 
gang  ordinarily  employed  to  erect  poles  in  India  is  ten  or  twelve ; 
this  number  is  sometimes  increased  to  twenty  or  even  more. 
The  erection  of  short  poles  on  houses'admits  of  the  employment 
of  only  two  or  three  men  at  each  pole,  and  the  work  often  re- 
quires considerable  mechanical  skill.  The  insertion  of  brackets 
in  walls  can  employ  profitably  only  the  skilled  mechanic  and  one 
or  two  labourers  ;  the  erection  of  masonry  or  brick  plinths  em- 
ploys only  the  mason  or  bricklayer,  and  a  sufficient  number  ot 
labourers  and  stone-cutters  to  lift  and  cut  the  stone  and  bring 
and  prepare  the  materials.  In  India  ordinary  lines  of  poles  out- 
side towns  are  seldom  erected  by  gangs  smaller  than  twelve  men 
each,  and  these  are  divided  as  far  as  possible  into  smaller  parties 
by  the  inspector  directing  them ;  some  of  the  men  go  in  advance 
and  lift  the  poles  into  the  holes ;  if  the  holes  are  small,  so  that 
the  pole  can  be  placed  at  once  correctly  in  the  alignment,  two 
men  are  sufficient  to  fill  in  and  ram  the  holes;  if  the  hole  be 
large,  the  pole  is  put  correctly  in  the  alignment  by  a  second 
party  directed  by  the,  foreman  directing  the  gang;  when  cor- 
rectly placed,  the  hole  is  about  half  'filled  in  and  left  to  be  com- 
pletely filled  and  rammed  by  small  parties  of  two  men  each  which 
follow.  In  dividing  the  men  they  should  not  be  so  spread  as  to 
be  beyond  supervision.  If  a  gauge  be  used,  the  second  stage  of 
the  process  is  greatly  facilitated ;  'it  is  performed  by  measuring, 
instead  of  by  placing  the  pole  in  the  alignment  by  the  eye  alone. 
When  only  three  or  four  intermediate  poles  occur  between  two 
angle  posts  they  may  be  placed  correctly  by  the  eye,  but  on  lonjp 
straight  lines,  if  large  holes  be  dug  the  gauge  should  be  used  ; 
with  narrow  holes  or  bored  holes,  but  slightly  larger  than  just 
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sufficient  to  receive  the  pole,  the  skilled  labour  of  the  foreman  is 
dispensed  with,  and  the  hole  may  be  filled  in  and  rammed  at 
once.  It  will  be  seen  that  although  the  gang  employed  erecting 
poles  may  be  large  it  is  subdivided,  and  the  men  work  in  small 
parties,  the  largest  party  being  just  sufficiently  numerous  to 
handle  a  pole  easily.  If  the  holes  be  small  the  earth  may  be 
consolidated  by  shaking  the  pole,  and  by  using  a  crowbar  to  ram 
it.  Stones  or  old  bricks  may  be  used  to  render  the  poles  firm  in 
bad  soil,  or  under  other  circumstances  rendering  such  necessary. 
Cross  feet  of  wood,  or  pieces  of  timber  properly  disposed,  are 
used  sometimes  with  wooden  poles  in  bad  soil ;  they  may  be 
bolted  to  the  pole  or  merely  buried  in  such  a  manner  as  to  dis- 
tribute the  pressure  over  a  greater  area  of  soil.  Poles  should 
only  be  put  approximately  vertical  until  the  hole  has  been  half 
or  three  quarters  filled;  the  plumb  rule  may  then  be  applied,  and 
the  post  placed  truly  vertical.  Anchor  holes  do  not  differ  from 
post  holes,  excepting  that  they  are  sometimes  somewhat  deeper, 
and  they  have  a  narrow  trench  cut  on  the  side  towards  the  pole 
to  admit  of  the  tie  passing  in  a  direct  line  from  the  clip  to  the 
anchor.  Sometimes  the  holes  are  undercut  on  the  side  next  to 
the  pole.  In  India  these  holes  are  dug  4  feet  long  and  2  feet 
deep;  they  are  then  dug  an  additional  18  inches  deep  at  the  end 
near  the  pole,  so  that  the  anchor  is  3  feet  6  inches  deep.  In  rock 
a  stout  rod  with  an  eye  at  one  end  may  be  leaded  into  a  hole  cut 
or  jumped  in  the  rock  in  a  direction  inclined  from  the  pole ;  the 
ring  projects  and  receives  the  tie.  This  arrangement  is  applied 
to  masonry  and  brickwork;  timber  may  be  employed  instead  of 
an  iron  bolt,  or  cast  iron  may  be  used.  Stones  are  often  used 
for  filling  anchor  holes  when  at  hand.  The  gang  erecting  poles 
also  erect  stays  and  ties.  Some  poles,  as  Siemens',  are  erected 
by  means  of  light  shear  legs;  such  aids  are  useful  when  many 
tall  posts  have  to  be  erected  in  succession,  but  are  not  generally 
economical  for  ordinary  poles  up  to  18  or  20  feet.  For  lifting 
the  cast-iron  lower  segments  of  large  posts  a  derrick  may  be 
used,  and  this  or  a  pair  of  light  shear  legs  may  be  used  to  lift 
tubes  for  underground  lines  into  position.  When  the  brackets 
or  tie  clamps  are  merely  bolted  round  the  pole,  as  with  most  iron 
poles,  the  best  mode  of  procedure  is  to  bolt  the  brackets  loosely 
to  the  pole,  leaving  the  work  of  placing  them  correctly  across  the 
alignment  to  be  done  after:  the  erection  of  the  pole;  but  if  the 
brackets  have  to  be  let  into  the  pole,  or  bolted,  as  with  wooden 
posts,  they  may  be  fitted  to  the  poles  by  mechanics  at  the  dep6ts 
previous  to  distribution.  The  brackets,  when  short,  are  usually 
placed  across  the  alignment  by  the  eye  alone;  this  is  exceedingly 
easy  at  angle. poles,  as  the' direction  of  the  anchor  marks  the 
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proper  direction  for  the  bracket,  but  at  intermediate  posts  the 
proper  direction  may  be  found  by  one  of  the  methods  used  for 
offsets.  A  very  convenient  mode  is  to  have  an  endless  string 
with  three  pins  attached  at  intervals,  such  that  when  pegged 
down  with  the  string  tight  it  forms  a  right-angled  triangle ;  by 
placing  one  of  the  sides  containing  the  right  angle  in  the  align- 
ment, the  other  marks  a  line  at  right  angles  to  it.  Lightning 
spikes,  insulators,  and  other  fittings,  if  distributed  with  the  poles, 
should  be  erected  with  them,  as  a  general  rule,  being  fitted  on 
the  ground  before  raising  the  posts;  but  these  should  not.be 
taken  from  the  packing  cases  until  actually  required.  The  earth 
filled  in  round  poles  placed  in  large  holes  should  be  rammed  in 
thin  layers,  the  surplus  soil  being  placed  round  the  pole  to  allow 
for  sinking.  On  inclined  ground  the  earth  should  not  be  heaped 
high  above  the  place  of  insertion  of  the  pole,  but  it  should  be 
heaped  and  well  rammed  below  the  pole,  as  poles  on  inclines 
have  a  tendency  to  lean  over  towards  the  normal  to  the  inclined 
surface.  To  prevent  the  earth  round  the  pole  being  washed 
away  instead  of  sinking,  it  may  be  covered  with  sods.  When 
poles  are  erected  on  embankments  the  turfing  of  the  bank  round 
the  poles  should  be  replaced  to  avoid  injury  to  the  bank.  Poles 
placed  on  the  edges  of  roads  should  have  short  posts  erected  to 
protect  them  from  being  struck  by  wheels  of  passing  vehicles, 
and  the  tie  rods  should  be  similarly  protected  where  they  enter 
the  ground.  Great  attention  should  be  given  to  the  foundations 
of  masonry  or  brickwork  pillars  or  plinths;  pillars  should  taper 
upwards,  and  have  well-spread  footings.  Tall  poles  are  used  oiv 
each  side  of  railway  crossings;  the  wire  is  stopped  on  each  side 
of  the  crossing,  but  it  should  not  be  stopped  on  the  tall  pole; 
hence  a  terminal  pole  is  necessary  on  each  side  of  the  crossing. 

438.  Wire  is  payed  out,  if  thin,  from  a  drum  or  reel  of  wood 
or  galvanised  iron;  one  cheek  or  disc  of  the  reel  being  removable, 
is  removed,  the  coil  of  wire  is  placed  on  the  core,  and  the  cheek 
bolted  on  again ;  the  reel  is  mounted  on  an  axle,  fixed  either  in 
a  light  frame  which  can  be  carried  in  the  hand  or  hung  by 
hooks  on  any  conveniently  shaped  object.  The  reel  is  frequently 
mounted  on  a  light  handbarrow  or  stretcher;  a  convenient  form 
for  the  reel  when  so  mounted  is  that  of  a  frustrum  of  a  cone,  the 
axis  is  in  this  case  placed  vertical.  For  thin  wires  and  for  the 
stranded  wires  used  for  town  lines  and  river  crossings  the  reel  is 
indispensable;  for  thick  wire  similar  reels  of  suitable  size  are 
used,  they  are  either  carried  by  the  axle  by  two  men  or  rolled 
along  the  ground  by  one  man,  the  latter  mode  is  probably  the 
most  convenient  and  economical.  For  thick  wire  the  reel  may 
be  dispensed  with  and  the  coil  of  wire  opened  by  rolling  it  along 
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the  ground,  but  this  is  troublesome,  and  the  vise  of  a  reel  should 
be  preferred.  All  wire  should  be  laid  out  by  causing  the  coil  to 
revolve,  it  should  never  be  pulled  from,  the  coil  in  a  spiral  and 
straightened.  As  one  set  of  men  unroll  the  coil,  a  second  set 
follows  and  makes  the  joints.  Thin  stranded  wire  and  No.  8 
and  smaller  wire  may  be  joined  by  the  twisted  joint ;  in  joining 
stranded  wire  in  this  manner  the  strands  may  with  advantage  be 
separated  at  the  ends  to  be  twisted  round  the  main  wire  so  as  to 
form  a  closer  joint,  and  generally  in  twisting  stranded  wires 
together  to  form  joints  or  eyes  this  should  be  done.  One  or  two 
men  per  wire  are  sufficient  to  unroll ;  if  the  wire  be  thin  two  men 
can  unroll  it  and  make  the  joints,  if  thick  two  men  are  necessary 
to  make  the  joints  and  carry  the  fire,  fuel,  and  tools,  but  these  men 
canjoint  several  wires,  as  while  one  man  solders  one  joint  the  other 
can  be  twisting  or  binding  another.  The  source  of  heat  employed 
for  construction  is  usually  a  small  plate  iron  stove  or  furnace 
convenient  to  carry,  the  fuel  is  wood,  coke,  charcoal,  or  other 
procurable,  preference  being  given  to  that  which  is  light  and 
gives  a  hot  clean  fire.  Two  irons  should  be  used,  and  each  iron 
should  be  just  large  enough  to  make  one  joint  easily  with  one  heat. 
For  repairs  and  occasional  use  the  best  source  of  heat,  particularly 
in  towns,  is  a  lamp  furnace,  a  self-acting  blowpipe,  or  a  joint 
furnace  of  sheet  copper  burning  prepared  fuel.  When  the  wire 
has  been  joined  it  may  be  strained,  the  men  employed  straining 
should  follow  those  jointing  at  a  distance  within  half  a  mile. 
The  straining  party  fixes  a  tackle  to  the  wire  by  claws  or  a  stopper, 
the  other  end  of  the  tackle  being  fixed  by  a  loop  of  wire  to  the 
base  of  a  pole  the  line  wire  is  hauled  tight.  Before  straining,  the 
wire  is  placed  on  the  angle  insulators,  and  it  is  strained  usually 
about  a  quarter  of  a  mile  at  a  time.  The  wire  on  straight  sections 
is  strained  on  the  ground ;  some  workmen  strain  it  on  the  insu- 
lators, others  on  the  brackets  of  intermediate  poles,  but  it  appears 
better  to  strain  on  the  ground  for  long  straight  lines,  and  on  the 
angle  insulators  only  when  angles  occur ;  but  in  some  cases,  as 
on  town  lines  and  on  high  masts,  the  wire  must  be  strained 
on  the  insulators.  It  is  placed  on  the  insulators  at  angles, 
long  spans,  and  on  high  masts  before  straining,  as  it  could  not  be 
raised  afterwards  without  great  difficulty.  It  is  better  to  strain 
on  intermediate  brackets  than  on  the  insulators,  because  joints 
in  the  wire  are  less  likely  to  catch.  It  is  better  in  most  cases  to 
let  wire  hang  between  the  angle  poles,  suspending  it  on  the  angle 
poles  only  while  straining,  because  it  affords  a  means  of  measur- 
ing the  tension;  it  is  exceedingly  difficult  to  judge  by  the  eye 
when  the  dip  is  small,  as  in  a  standard  span  of  100  yards,  but 
if  while  straining  the  wire  be  suspended  from  two  angle  poles 
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300  yards  apart,  the  dip  being  assumed  to  be  as  the  square 
of  the  span,  it  will  be  nine  times  the  standard  dip  ;  its  amount 
and  consequently  the  strain  on  the  wire  may  be  readily  judged  by 
the  aye  by  regarding  the  distance  of  the  wire  above  the  ground, 
the  height  of  the  poles  and  standard  dip  being  known.  After  the 
wire  has  been  strained  it  is  lifted  and  placed  on  the  intermediate 
insulators.  After  the  wire  is  j  oined  it  is  sometimes  killed  by  being 
loaded  suddenly,  the  object  of  this  is  to  take  the  spring  out  of 
it;  at  other  times  the  wire  is  loaded  to  its  proof  tension,  kept  so 
for  a  few  minutes,  and  then  slacked  to  the  working  tension.  If  the 
wire  is  new,  soft,  and  properly  payed  out,  killing  is  not  necessary; 
there  is  manifest  advantage  in  exceeding  the  working  tension 
for  a  short  time  when  straining  the  wire,  as  it  tests  the  wire  and 
joints,  but  it  is  not  necessary  to  strain  to  the  proof  strain  nor  to 
keep  the  wire  long  strained.  If  the  wire  be  hard,  or  if  it  be  old 
wire  and  consequently  bent,  it  is  necessary  to  either  kill  it  or 
strain  it  to  almost  its  proof  strain ;  for  if  this  be  not  done  much 
inconvenience  may  be  caused  by  the  dip  increasing  considerably 
after  the  line  has  been  completed.  Lines  over  populous  towns 
cannot  always  be  strained  to  their  proof  strain  for  fear  of 
accident  to  passengers;  with  stranded  wire  this  can  be  dispensed 
with,  as  the  wire  is  more  flexible.  When  a  river  has  to  be 
crossed,  if  there  be  little  or  no  current,  the  wire  may  be  placed 
on  one  of  the  masts,  then  payed  out  from  a  boat  to  the  opposite 
mast,  landed  and  payed  out  very  slack  to  the  terminal,  it  should 
then  be  placed  on  the  second  mast,  and  tightened  by  tackle 
attached  to  the  base  of  the  terminal  pole.  If  the  wire  does  not 
rise  readily  from  the  water,  a  boat  must  be  passed  under  it  to 
lift  it  from  the  mud  or  weeds.  If  there  be  a  strong  current  in 
the  river  the  wire  may  be  crossed  before  placing  it  on  the  mast ; 
it  should  be  payed  loosely  from  the  boat,  and  more  than  one 
boat  should  be  employed ;  when  the  end  of  the  wire  has  been 
landed,  one  or  more  boats  may  be  passed  backwards  and  forwards 
under  the  wire  after  it  has  been  placed  on  one  or  both  masts  to 
lift  it  from  the  bed  of  the  river.  Another  mode  is  to  anchor 
several  boats  in  the  stream,  and  lay  the  wire  on  the  boats 
instead  of  letting  it  sink  in  one  length.  The  most  satisfactory 
mode  of  regulating  the  tension  on  the  wire  is  the  use  of  a 
dynamometer,  and  this  should  be  used  invariably  on  long  spans 
where  the  minimum  dip  is  allowed.  In  Prussia  the  tension  on 
long  spans  is  maintained  constant  by  the  following  contrivance  : 
The  end  of  the  span  wire  is  wedged  in  a  clip,  the  clip  is  attached 
to  a  short  chain  the  other  end  of  which  has  a  weight  attached, 
the  chain  is  passed  over  a  pulley  attached  by  a  short  movable 
arm  to  the  insulator  on  the.  mast,  the  span  wire  is  thus  kept 
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tight  by  the  suspended  weight.  The  objections  to  the  above 
arrangement  are  the  manifest  inconvenience  of  suspended 
weights,  particularly  when  the  wires  are  numerous,  and  the 
fact  that  the  load  on  the  top  of  the  mast  is  unnecessarily 
increased ;  a  spring  inserted  in  the  wire  would  have  the  same 
advantages  without  the  disadvantages.  The  number  of  men 
employed  straining  wire  depends  on  the  number  and  weight 
of  the  wires  ;  two  sets  of  tackle  should  be  allowed  to  each  gang, 
that  one  tackle  may  be  in  process  of  adjustment  while  the  other 
is  in  use,  and  the  second  may  be  strained  before  the  first  is 
slacked  for  removal.  When  there  are  more  than  two  wires  a 
separate  gang  of  men  should  be  allowed  for  each  pair  whe,n  two 
wires  only  are  on  the  same  level,  or  for  each  pair  of  brackets  or 
cross  arm,  when  more  than  two  wires  are  on  the  same  level, 
until  a  straining  gang  is  employed  straining  at  each  post ;  thus 
if  the  wire  is  strained  at  every  third  or  fourth  pole,  three  or 
four  gangs  may  be  straining  independently.  If  the  number 
of  wires  on  the  cross  arms  differ,  then  one  gang  may  strain  the 
wires  on  one  cross  arm,  while  another  gang  strain  an  equal 
number  of  wires  on  two  or  three  cross  arms,  care  being  taken  to 
so  divide  the  work  that  the  gangs  progress  equally,  that  they 
progress  at  about  the  same  rate  as  the  erection  of  the  poles, 
and  yet  no  time  or  labour  be  wasted  by  unnecessary  transfers  of 
tackle.  When  two  or  more  wires  have  to  be  strained  they  are 
best  strained  in  pairs ;  this  saves  time  and  labour,  and  ensures 
equality  of  strain  on  each  wire  of  the  pair.  The  best  mode  of 
straining  two  wires  at  once  is  to  use  a  short  rope  passed  through 
a  single  block,  each  end  of  the  rope  is  fastened  by  the  usual 
means  to  one  of  the  wires  to  be  strained,  and  they  are  then 
strained  together  by  the  tackle  being  applied  to  the  block ;  the 
wires  being  balanced  through  the  block,  they  are  equally  strained. 
A  snatch  block  is  more  convenient  than  an  ordinary  close  block 
to  reeve  the  rope  through  and  strain  on.  The  above  refers  to 
construction  of  a  line  without  winding  drums  or  stretching  insu- 
lators; when  winding  poles  are  employed  the  two  ends  of  wire 
at  each  winding  pole  are  drawn  towards  each  other  by  tackle, 
placed  on  the  drum,  and  the  tension  carefully  adjusted ;  practice 
enables  the  workman  to  judge. of  the  tension  by  the  force  neces- 
sary to  turn  the  winding  key  or  lever,  but  this  mode  is  not  so 
accurate  as  using  a  dynamometer  or  measuring  the  dip  on  an 
increased  span.  The  use  of  winding  drums  on  high  masts 
should  not  as  a  rule  be  permitted ;  the  wire  should  in  such  cases 
be  strained  from  below,  and  never  by  using  the  mast  as  a  fixed 
point  to  haul  against.  By  adhering  to  this  rule  less  expensive 
masts  may  be  used  than  if  the  wire  be  strained  against  the  top 
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of  the  mast,  and  there  is  no  advantage  in  departing  from  this 
rule.  At  terminal  poles  the  -wire  is  fixed  by  a  stretching 
insulator,  or  formed  into  a  ring  to  fit  the  head  of  the  insulator; 
it  may  he  strained  by  a  movable  ratchet  drum  and  winch 
attached  to  the  terminal  pole ;  the  chain  of  the  winch  being 
attached  to  the  wire,  the  winch  is  turned  until  the  wire 
assumes  the  required  dip,  the  wire  is  measured,  slacked,  the 
terminal  ring  made,  the  wire  drawn  again  tight  by  means  of 
the  winch,  the  ring  is  passed  over  the  head  of  the  insulator,  and 
finally  the  winch  is  disconnected.  Over-house  lines  in  towns  are 
as  a  rule  strained  at  terminals  by  means  of  the  winch,  but  outside 
towns  terminal  poles  occur  but  seldom,  hence  for  such  lines  it  is 
better  to  use  the  ordinary  tackle  than  carry  an  extra  heavy  tool, 
the  use  of  which  offers  no  advantage  when  there  is  room  to  use 
the  tackle,  as  described  below.  To  terminate  a  line  with  the 
ordinary  tackle  proceed  as  follows : — Let  the  line  lie  on  the 
ground  for  about  500  yards,  measured  from  the  terminal  pole, 
draw  the  wire  tight  by  hand,  turn  a  ring  on  its  end,  place  the 
ring  on  the  terminal  insulator,  then  fix  the  tackle  on  the  line 
200  or  300  yards  from  the  terminal,  draw  up  a  bight  of  wire,  and 
make  a  joint  so  as  to  shorten  the  line  to  give  the  normal  dip. 
When  laying  the  wire  out  at  a  short  distance  from  the  terminal 
a  temporary  joint  should  be  made,  the  wires  being  merely 
twisted  together;  after  the  ring  has, been  placed  on  the  terminal 
insulator,  the  bight  is  taken  up  by  fixing  the  tackle  across  this 
joint,  which  is  then  cut  out  and  the  wire  permanently  joined  in 
the  usual  manner ;  thus  there  is  no  waste  of  labour,  and  no 
more  joints  in  the  wire  than  the  number  of  coils  of  wire  renders 
necessary.  "Winding  drums,  shackles,  eyes  of  porcelain,  &c,  are 
usually  very  inferior  in  insulating  power  to  ordinary  bell  insu- 
lators, hence  their  use  should  be  avoided  whenever  possible, 
particularly  on  long  lines ;  when  they  are  really  necessary, 
additional  shelter  from  rain  may  be  afforded  by  applying  light 
pent  roofs  of  wood  or  metal  to  keep  the  supports  dry.  The  best 
mode  of  terminating  wires  at  offices,  junctions  with  cables,  &c,  is 
by  means  of  the  ordinary  bell  insulator  fixed  under  shelter,  the 
conductor  being  continued  into  the  office  or  junction  house  by  a 
piece  of  well  taped  and  tarred  gutta-percha  or  caoutchouc  covered 
wire;  the  joint  should  be  soldered,  and  the  covered  wire  changed 
when  the  covering  has  cracked  from  exposure.  Some  admini- 
strations use  a  small  insulator  for  leading  in  wires  rather  than 
the  large  insulators  in  general  use — this  is  the  case  in  Prussia ; 
the  small  insulator  is  the  more  convenient  and  economical  for 
leading  in  wires  at  offices.  At  long  spans,  as  river  crossings,  the 
span  and  line  wires  may  be  terminated  on  the  same  insulator, 
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but  the  contact  should  he  made  perfect  by  a  piece  of  thin 
wire  soldered  between  them.  Before  straining  the  wire  all 
stays  and  ties  should  be  tightened.  On  light  temporary  lines 
the  insulators  and  brackets  being  in  one  piece,  are  spiked  to 
living  trees  or  lashed  to  wooden  poles  usually  by  a  serving  of 
wire;  the  line  wire  is  not  usually  thicker  than  No.  12,  and  it 
may  be  sufficiently  strained  by  hand  without  tackle,  a  mile 
weighs  but  little  more  than  one  and  a  half  cwt.,  the  joints  are 
not  always  soldered,  but  solder  should  be  employed  whenever 
practicable,  the  attachment  to  the  insulators  is  usually  by  thin 
wire  placed  in  a  groove  round  the  insulator.  The  wire  is  usually 
lifted  and  placed  on  the  insulators  by  means  of  a  light  fork,  or  it 
may  be  lifted  by  a  man  on  a  ladder;  the  ladder  is  more  generally 
useful  but  heavier  to  carry  than  the  fork,  the  best  plan  is  to  use 
both,  using  only  one  ladder  and  several  forks.  A  natural  fork 
of  bamboo  is  the  best  fork  used  in  India,  but  if  wooden  forks  be 
not  readily  procurable  an  iron  tip  may  be  fixed  on  a  wooden 
handle.  One  man  is  sufficient  to  carry  a  wire  up  a  mast,  but 
the  wire  must  be  very  loose ;  the  best  plan  on  a  high  mast  is  to 
send  up  the  large  block  of  the  tackle  with  the  rope  reeved  once 
through  it,  this  is  hung  by  its  hook  to  the  bracket  at  the  top  of 
the  mast,  the  wire  being  placed  on  the  hook  of  the  small  block, 
it  is  raised  to  the  top  of  the  mast  by  hauling  on  the  fall,  a  man 
then  lifts  the  wire  from  the  hook  and  places  it  on  the  insulator. 
As  the  wire  is  strained  against  the  poles  the  latter  are  often 
drawn  out  of  the  vertical,  they  should  be  put  upright  after  the 
wire  has  been  placed  on  them.  If  stretching  insulators  be  used 
the  wire  should  of  course  be  fixed  as  it  is  strained;  if  the  wire 
is  to  be  bound  at  each  insulator,  this  is  done  by  men  following 
the  straining  gangs;  but  these  men  should  be  kept  two  or  three 
miles  behind  the  straining  gang,  as  if  the  wire  be  not  permitted 
to  adjust  itself  before  being  tied  it  may  do  so  afterwards,  and 
the  posts  will  be  drawn  out  of  the  vertical.  In  laying  under- 
ground lines  the  tubes  are  first  cleaned  and  smoothed,  the  iron 
tubes  with  a  heavy  iron  chain,  the  stoneware  tubes  with  a 
scraper,  formed  of  two  irons  shaped  like  half  tubes,  kept  apart 
by  a  spring  and  fitted  to  a  handle.  The  iron  tubes  are 
joined  by  first  ramming  in  a  little  yarn  to  prevent  the  lead  run- 
ning into  the  pipe,  making  a  clay  mould  round  the  pipe,  pouring 
in  the  molten  lead,  and  ultimately  removing  the  clay.  As  each 
pipe  is  laid  an  iron  wire  not  smaller  than  No.  16  B.W.G.  is  placed 
in  the  pipe,  the  wire  being  continuous  from  draw  box  to  draw 
box.  The  wire  may  be  in  the  form  of  cable  or  single  wires  pro- 
perly insulated  and  covered  with  tape;  in  London  the  wire  is 
commonly  No.  18,  covered  with  gutta-percha,  to  No.  7,  and  served 
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with  tape  soaked  in  Stockholm  tar ;  the  wires  are  in  lengths  of 
400  yards,  they  are  tied  together  at  intervals,  and  as  the  bundle 
is  drawn  into  the  tubes  the  strings  they  are  tied  together  with 
are  removed.  When  the  number  of  wires  to  be  drawn  in  is  large 
a  larger  sized  iron  wire  may  be  drawn  in  by  means  of  the  wire 
laid  with  the  pipes,  and  the  larger  sized  wire  used  to  draw  in  the 
insulated  wires.  The  insulated  wires  are  attached  to  the  iron 
wire  by  a  ring  made  on  the  end  of  the  latter,  the  insulating 
material  is  removed  for  a  short  distance  from  each  copper  wire, 
and  the  copper  wires  are  placed  through  the  ring  on  the  iron 
wire  and  twisted;  tojprotect  the  ends  of  the  insulated  wires 
while  being  drawn  in  they  are  wrapped  in  tarred  tape,  yarn,  or 
other  similar  suitable  material.  The  best  material  for  the  tapes 
is  cotton,  and  they  should  be  woven  straight  with  a  double 
selvage,  so  that  they  be  not  stretched  out  of  shape  by  the  cover- 
ing machine  or  in  jointing.  If  a  wire  be  broken  in  drawing 
in,  the  position  of  the  break  is  ascertained  by  withdrawing  it 
entirely  and  measuring  the  pieces.  If  the  break  be  in  an  iron 
pipe  the  pipe  may  be  broken,  if  in  a  stoneware  pipe  the  section 
of  pipe  is  uncovered  and  opened  at  the  joints.  Wires  cannot  be 
readily  threaded  through  the  pipe  for  long  distances,  even  when 
the  wire  is  comparatively  thick,  as  No.  8,  and  the  pipe  empty; 
hence,  if  the  distance  between  the  break  and  the  nearest  draw 
box  is  too  great  to  admit  of  a  wire  being  threaded  through  from 
one  end  of  the  section,  a  hooked  wire  must  be  inserted  at  each 
end — viz.,  the  draw  box  and  the  break,  and  these  wires  be  moved 
round  until  the  hooks  catch,  when  the  required  communication 
being  established  the  repaired  wire  can  be  drawn  into  the  tube. 
If  of  stoneware  the  tube  can  be  re-laid  in  the  usual  way,  if  of 
iron  the  broken  part  of  the  tube  is  encased  in  a  short  section  of 
tubing  supplied  for  the  purpose,  of  a  size  to  fit  outside  the 
broken  tube,  and  made  in  two  pieces  to  be  fitted  together  by 
bolts  passed  through  longitudinal  flanges,  so  as  to  tightly  encase 
the  broken  tube  at  and  for  a  short  distance  on  each  side  of  the 
break;  the  joints  at  the  ends  of  the  short  tube  are  packed  to 
close  them  effectually.  The  boxes  containing  the  joints  of  the 
several  lengths  of  insulated  wire  are  termed  joint  boxes,  they  are 
necessarily  placed  every  400  yards,  as  the  core  is  made  in  this 
length;  they  have  cast-iron  removable  covers  laid  flush  with  the 
surface  of  the  pavement,  and  are  open  to  inspection.  The  inter- 
mediate boxes,  termed  draw  boxes  as  flush  boxes,  are  of  the  same  or 
similar  pattern;  but  as  they  need  not  be  open  to  inspection, 
being  required  merely  for  the  purpose  of  drawing  in  and  out 
the  wires,  they  are  commonly  covered  up;  the  situations  of 
each  of  these  or  of  some  of  them  may  be  marked  in  any  con- 
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venient  maimer,  as  by  letters  cut  on  the  paving.  Draw  boxes 
are  required  at  angles,  and  must  in  many  cases  be  distributed 
irregularly;  the  maximum  distance  admissible  is  probably  200 
yards,  a  convenient  distance  is  100  yards,  the  former  should  not 
be  exceeded,  less  than  the  latter  is  not  necessary,  unless  a  shorter 
distance  be  imposed  by  the  nature  of  the  route.  The  insulated 
wire  should  be  protected  by  a  roller  or  other  appliance  from 
injury  by  friction  against  the  edges  of  the  pipes,  and  the  drawing 
in  should  be  performed  on  each  end  of  each  section  of  the  wires, 
being  commenced  from  the  centre  draw  box  of  the  section  to  be 
drawn  in.  The  insulated  wire  or  cable  being  inserted  at  one 
draw  box,  drawn  out  at  another,  re-inserted,  &c,  several  times 
in  each  section  of  400  yards,  if  it  be  coiled  each  time  it  is  drawn 
out,  for  each  coil  one  twist  will  be  put  into  it  when  it  is  re- 
inserted, unless  this  be  provided  against.  The  wires  must 
either  be  received  on  a  drum,  laid  on  the  ground,  or  coiled  on 
one  side  of  the  draw  box  as  drawn  out  and  turned  over  by 
recoiling  on  the  opposite  side  before  being  re-inserted;  the  last 
is  the  most  convenient  mode,  and  is  that  generally  followed. 
The  wires  should  be  coiled  on  canvas,  and  not  on  the  bare 
ground,  to  prevent  the  introduction  of  grit  into  the  pipes.  The 
above  refers  to  the  laying  of  wires  when  numerous,  modes  of 
laying  less  numerous  wires  are  described  in  Section  I. 

439.  The  tools  should  be  very  strong  and  of  as  few  patterns 
and  sizes  as  the-proper  execution  of  the  work  will  permit;  for 
special  work  of  course  special  tools  may  be  really  necessary,  but 
the  general  utility  of  the  tools  for  repairs  and  maintenance 
should  be  considered.  The  construction  of  a  line  is  carried  on  as 
rapidly  as  possible,  to  save  cost  of  superintendence,  by  employing 
as  much  labour  at  the  same  time  as  can  be  efficiently  supervised; 
the  principal  difficulties  are  to  mark  the  line  rapidly  enough, 
and  find  a  sufficient  number  of  intelligent  men  to  act  as  foremen; 
the  rapidity  with  which  the  work  can  proceed  is  usually  limited 
by  one  or  both  of  these  conditions.  It  is  an  excellent  plan  if  a 
preliminary  survey  has  to  be  made  to  mark  the  route  of  the  line, 
and  if  the  route  has  been  definitely  decided  on  to  set  out  the 
work.  Sometimes  the  poles  are  erected  first,  and  the  wire  is 
erected  as  the  working  parties  return,  but  the  most  economical 
plan  is  to  complete  the  line  at  once,  the  work  being  set  out  if 
practicable  in  advance.  If  there  be  dearth  of  carriage  to  dis- 
tributed stores,  the  poles,  wire,  and  insulators  should  be 
distributed  before  commencing  construction,  to  remove  the 
possibility  of  delays  after  labour  has  been  engaged. 
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Section  IV. — Submarine  and  River  Cables. 

440.  The  essential  parts  of  a  cable  are,  the  conductor,  the 
insulator,  and  as  the  conductor  and  insulator  are  deficient  in 
tensile  strength,  this  deficiency  has  to  be  supplied  by  the  addi- 
tion of  a  tenacious  material,  commonly  iron  wire,  usually  applied 
in  the  form  of  a  covering.  Other  matters,  such  as  Chatterton's 
compound,  artificial  asphalt,  and  hemp,  are  used  to  make  the 
cable  solid,  to  prevent  air  spaces,  to  protect  the  iron  wire  from 
oxidation,  &c. ;  applied  for  these  purposes,  these  materials  may 
be  termed  accidentals. 

441.  The  conductor  is  almost  invariably  of  copper,  the  object 
being  to  obtain  the  maximum  conductivity  with  the  minimum 
sectional  area.  As  the  conductivity  of  copper  varies  consider- 
ably according  to  the  degree  of  purity  of  the  specimen,  the 
copper  employed  should  be  carefully  tested,  and  a  conductivity 
90  per  cent,  of  that  of  pure  copper  may  be  insisted  on.  Blavier 
fixes  the  minimum  at  75  per  cent.,  but  the  care  which  has  been 
bestowed  on  the  subject  has  recently  led  to  great  improvement 
in  this  respect.  The  specific  conductivity  of  some  cable  con- 
ductors actually  laid  has  exceeded  95  per  cent.,  of  but  few  recent 
cables  is  it  less  than  93  per  cent.  Iron  wire  may  be  used  as  the 
conductor  in  short  cables  for  crossing  rivers  or  for  underground, 
but  it  is  seldom  if  ever  employed.  Its  advantages  are  extra 
strength  and  low  price ;  its  disadvantages  are  greater  weight  and 
bulk  for  equal  electrical  resistance  as  compared  with  copper — 
consequently,  for  a  given  conductivity  and  insulation  more  of 
the  insulator  is  required.  Preference  is  given  to  stranded  rather 
than  single  wire  for  conductors  ;  either  three  wires  twisted 
together,  or  generally  six  wires  twisted  round  a  seventh,  are 
used.  The  advantage  of  employing  stranded  wire  is  greater 
flexibility,  and  consequently  increased  security  against  rupture 
by  repeated  bending,  and  these  advantages  far  more  than  coun- 
terbalance the  disadvantages  of  greater  quantity  of  insulator 
being  necessary  to  cover  a  conductor  of  given  electrical  capacity. 
Short  lengths  of  cable  for  rivers  may  have  single  wire  conductors 
where  it  is  desired  to  reduce  cost.  Messrs.  Clark  &  Bright  have 
introduced  a  strand  of  wires  of  such  section  that  they  fit  together 
to  form  a  cylindrical  conductor,  but  some  manufacturers  have 
experienced  difficulty  in  carrying  out  the  suggestion.  In  the 
direct  United  States'  cable,  made  by  Messrs.  Siemens,  the  con- 
ductor consists  of  one  central  thick  wire  and  eleven  thin  wires, 
flexibility  being  in  a  measure  sacrificed  to  gain  increased  con- 
ductivity.    The  several  wires  should  break  joint  and  should  be 
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joined  by  silver  solder,  rosin  being  used  as  a  flux.  The  object  of 
using  silver  is  to  avoid  gnawing  of  the  copper,  and  rosin  is  used 
to  prevent  the  corrosion  which  might  opcur  if  chloride  of  zinc 
were  used ;  a  corrosive  flux,  if  not  entirely  removed  after  sol- 
dering, might  seriously  endanger  continuity  of  the  conductor 
after  the  cable  had  been  laid.  The  diameter  of  the  copper  in 
long  cables  varies  from  about  -087  to  -170  inch,  and  the' weight 
of  copper  per  knot  from  about  90,  to  400  lbs. — the  heaviest  con- 
ductors being  used  for  the  longest  cables.  Great  care  should  be 
taken  to  select  soft  tough  copper,  and  to  so  arrange  the  wires 
that  the  diameter  of  the  conductor  and  its  conductivity  shall 
each  be  as  nearly  as  practicable  the  same  throughout.  In  laying 
the  wires  together,  as  it  is  highly  desirable  to  make  the  cable  as 
solid  as  possible  and  produce  adhesion  between  the  conductor 
and  insulator,  in  gutta-percha  core  the  wires  are  laid  together 
with  a  mixture  of  silicated  bitumen,  artificial  asphalt,  Chatter- 
ton's  compound,  or  other  similar  material,  in  just  sufficient 
quantity  to  fill  the  interstices  between  the  strands ;  in  Hooper's 
core  the  centre  wire  is  covered  with  separator. 

442.  In  gutta-percha  core  the  layers  of  gutta-percha  are 
cemented  together  by  Chatterton's  compound.  "When  there  is 
adhesion  between  the  covering  and  the  conductor,  these  stretch 
and  shrink  together,  and  the  conductor  cannot,  while  continuous, 
be  forced  through  the  insulator,  an  accident  which  used  to  occur 
before  this  measure  was  introduced.  The  insulator  is  put  on  as 
described  in  Part  IL,  chap,  iii.,  sections  1  and  2.  The  size 
of  the  conductor  and  thickness  of  the  insulator  are  determined 
by  electrical  considerations  (see  next  Paragraph).  Cable  core 
is  comparatively  very  weak,  and  but  little  of  its  strength  is 
available  by  reason  of  its  extensibility — e.  g.,  the  core  of  the 
Anglo-American  cable  made  of  300  lbs.  of  copper  and  400  lbs. 
of  gutta-percha  per  knot,  stretches  10  per  cent,  with  a  quarter 
of  a  ton;  this  does  not  impair  its  electrical  efficiency,  but  the 
elongation  of  a  completed  ordinary  iron-covered  cable  is  under 
1  per  cent,  when  loaded  with  half  its  ultimate  load.  It  is 
evident  the  strength  of  a  cable  is  practically  that  of  the  guards. 
Over  the  insulator  a  serving  of  hemp  is  put  on  to  form  a  pad- 
ding for  the  outer  guards  to  rest  on.  This  hemp  is  spun  on  by  a 
machine  consisting  of  a  circular  revolving  frame  carrying  drums 
of  yarn,  through  the  axis  of  the  frame  the  core  to  be  covered  is 
drawn  by  being  passed  several  times  round  a  drum  or  wheel 
connected  with  the  frame,  carrying  the  yarn  in  such  a  manner 
that  their  rates  of  revolution  bear  the  necessary  relation  to 
each  other.  The  hemp  serving  may  be  saturated  with  bitumin- 
ous or  tarry  matter  as  a  preservative;  but,  as  a  rule,  it  is  tanned 
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or  brine  is  used,  the  objection  to  iising  the  other  materials  being 
the  possibility  that  faults  in  the  insulator  may  be  temporarily 
hidden  thereby.  Sometimes  several  cores  are  laid  together, 
hempen  strands  are  used  to  fill  the  spaces  between  the  cores, 
and  the  whole  is  then  served  with  hemp,  as  described  for  a  single 
core.  Multiple  conductor  cables  are  not  used  for  long  distances. 
The  outer  covering  of  the  cable  is  varied  with  the  depth  to  which 
the  cable  has  to  be  laid,  and  its  liability  to  disturbance  and 
injury  by  friction  against  rocks,  &c.  The  materials  employed  are 
£ood  iron,  homogeneous  metal,  or  homogeneous  metal  together 
with  hemp.  The  weight  of  iron  may  vary  from  little  more  than 
half  a  ton  per  knot  to  Upwards  of  17  tons,  and  that  of  the  com- 
pleted cable  from  1£  ton  to  20£  tons  per  mile.  The  guards  are 
spun  on  by  a  similar  machine  to  that  used  to  serve  the  core,  the 
wires  being  wound  on  large  bobbins  fixed  in  a  revolving  frame, 
through  the  axis  of  which  the  core  to  be  covered  passes ;  they 
are  laid  on  without  being  individually  twisted,  and  as  nearly  as 
possible  with  equal  tension.  In  one  of  the  best  forms  of  cover- 
ing machine  the  bobbins  carrying  the  wires  are  attached  to  an 
iron  disc,  through  the  centre  of  which  the  cable  core  passes, 
each  bobbin  is  attached  to  the  disc  by  a  spindle,  so  that  the 
bobbin  is  always  suspended  vertically  on  the  face  of  the 
disc,  thus  the  bobbins  move  round  the  core  without  twisting 
the  individual  wires  round  their  own  axes.  The  number  and 
size  of  the  wires  are  adjusted  to  the  size  of  the  core  to  be 
covered,  that  they  may  exactly  cover  it  and  abut  against 
each  other  when  the  cable  is  strained,  in  order  to  prevent  the 
cable  stretching  and  the  core  being  compressed  by  contoaction  of 
the  helices  of  the  covering.  To  place  the  wires  close,  the  cable  as 
it  leaves  the  closing  machine  passes  through  a  hole  or  between 
grooved  rollers,  which  press  the  wires  together.  In  calculating  the 
length  of  wire  in  the  outer  covering  3  per  cent,  is  commonly  allowed 
for  lay,  the  turns  being  very  long  to  avoid  injury  to  the  wire  by 
the  twisting,  and  to  keep  the  abutting  wires  as  parallel  to  the 
longitudinal  axis  of  the  cable  as  consistent  with  forming  a  rope 
which  may  be  conveniently  handled  and  has  no  tendency  to  kink 
or  for  the  strands  to  rise.  Carefully  made,  the  completed  cable 
should  be  hard  and  solid,  not  spongy;  it  should  not  have  the  spring 
and  liability  to  kink  seen  in  single  wires,  should  coil  readily,  and 
not  stretch  with  half  the  breaking  weight  more  than  one-half 
to  one  per  cent.  When  strained  in  great  length  cables  untwist 
slightly,  and  consequently  elongate  from  this  cause,  but  such, 
elongation  is  too  slight  to  be  of  consequence.  The  wire  guards 
are  galvanised,  and  the  cable  is  covered  with  a  serving  of  coarse 
hemp  or  jute,  and  a  mixture  of  bituminous  matter  and  silica 
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(frequently  termed  asphalt);  the  outer  serving  protects _  the 
■wires  from  rust,  it  holds  the  wires  down,  furnishes  additional 
security  against  strands  rising  during  paying  out,  and  incidentally 
it  eases  the  cable  in  paying  out  by  causing  increased  friction 
between  the  cable  and  the  water,  and  by  lowering  the  specific 
gravity  of  the  whole.  The  smallest  number  of  wires  used  to 
cover  a  cable  is  9,  and  18  is  seldom  exceeded;  the  former  form 
a  rope  inconveniently  stiff,  12  make  a  suitable  rope.  For  shore 
ends,  and  generally  for  cables  liable  to  attrition,  to  be  caught  by 
ships'  anchors,  &c,  thick  wires  are  used,  the  iron  in  the  heaviest 
cables  weighing  as  much  as  171  tons  per  knot;  the  wires  are  not, 
however,  put  on  singly,  such  a  cable  would  be  too  stiff  to  handle, 
but  the  cable  is  covered  with  10  or  12  strands,  each  of  three 
wires.  The  part  of  the  cable  for  considerable  depths  not  being 
liable  to  injury  from  causes  mentioned  above,  as  usually  light, 
only  sufficient  strength  being  given  to  admit  of  the  laying  and, 
in  case  of  necessity,  raising  of  the  cable ;  thus,  in  the  French 
Atlantic  cable  the  main  cable  has  only  -709  ton  of  iron  per  mile, 
in  the  English  Atlantic  cables  it  is  still  less,  while  in  shallower 
seas  it  may  reach  8  tons  per  knot ;  2  tons  may,  however,  be 
considered  heavy  for  a  main  cable  of  considerable  length.  If 
long  cables  were  made  of  large  diameter  they  would  occupy 
much  more  space  on  board  ship,  and  more  joints  would  often  be 
necessary — hence  the  longest  cables  are  made  of  as  small  diameter 
as  practicable.  There  would  manifestly  be  considerable  difficulty 
in  joining  a  heavy  shore  end  directly  to  a  slight  cable,  and  the 
heaviest  cable  is  not  required  to  meet  the  lightest  main — hence, 
between  the  shore  end  and  the  main  cable  one  or  two  intermediate 
sized  sections,  termed  intermediate  cable,  are  interposed.  The 
core  is  uniform  for  main,  shore  end,  and  intermediate  cable,  the 
only  difference  being  in  the  weight  of  the  guards.  The  different 
sized  sections — i.e.,  the  main,  intermediate,  and  shore  end,  are 
joined  to  each  other  in  one  of  two  ways,  either  by  a  taper,  or  by 
serving  the  thinner  cable  (guards  included) .  with  hemp,  and 
laying  over  this  the  guards  required  to  form  the  shore  end. 
When  joined  by  a  taper  the  larger  guards  gradually  take  the 
place  of  the  smaller,  thus  the  sections  are  formed  by  a  taper ;  but 
when  the  other  arrangement  is  employed  the  guards  of  the  smaller 
section  are  continuous  through  the  larger  section,  the  larger 
differing  from  the  smaller  only  in  the  addition  of  a  layer  of 
packing  and  an  outer  set  of  heavy  guards.  For  deep  sea  cables 
a  combination  of  homogeneous  iron  with  hempen  strands  is  used 
for  the  guards ;  the  elastic  flexibility  of  untwisted  hempen  fibre 
being  inferior  to  that  of  the  metal,  the  twist  in  the  hemp  is  so 
adjusted  that  the  two  materials  stretch  and  ultimately  break 
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together,  thus  rendering  the  whole  strength  of  both  available. 
The  chief  mechanical  advantage  in  the  combination  of  hemp  and 
■wire  lies  in  the  fact  that  the  hemp  so  used  adds  iis  strength  to 
that  of  the  wire,  while  it  does  not  add  sensibly  to  the  weight  of 
the  cable  in  water;  in  other  words,  it  increases  the  strength  of 
the  cable  by  an  amount  equal  to  its  own  tenacity,  without  adding 
to  the  load  to  be  borne ;  hence  it  increases  the  modulus  of  tenacity 
in  water.  Good  iron  is  used  when  admissible,  for  greater  depths 
homogeneous  metal  is  used,  and  for  the  deepest  seas  the  com- 
bination of  homogeneous  metal  and  hemp.  Shore  end  cable  is 
used  for  river  crossings  as  a  rule,  but  the  heaviest  is  only 
employed  exceptioifally  for  this  purpose;  it  is  used  with  marine 
cables  up  to  depths  varying  from  two  to  three  hundred  fathoms. 
The  combination  of  hemp  and  homogeneous  metal  is  not  used  for 
depths  less  than  1000 'fathoms;  an  iron-covered  cable  cannot  be 
safely  laid  in  water  deeper  than  1500  fathoms,  for  greater  depths 
homogeneous  metal  is  used ;  homogeneous  metal  and  hemp 
together  are  used  for  the  greatest  depths.  A  cable  with  hempen, 
guards  has  been  projected  for  crossing  the  Atlantic,  but  hitherto 
hemp  alone  has  not  been  successfully  applied  to  the  purpose. 
At  first  it  was  feared  if  the  wires  were  put  on  spirally  they 
would  allow  the  cable  to  stretch  when  strained,  and  thus  fail  to 
protect  the  core  from  injury;  many  cables  were  therefore  covered 
with  iron  wires  laid  together  without  any  twist,  and  kept 
together  by  servings  of  thin  wire  at  short  intervals ;  but  it  is 
found  in  practice  this  form  of  cable  is  more  difficult  to  manuiac- 
ture,  and  less  convenient  to  handle,  than  the  spiral  form,  while 
the  latter  is  found  to  answer  in  practice,  the  wires  abutting 
against  each  other  when  the  cable  is  strained. 

443.  Although  not  strictly  within  the  scope  of  this  work,  it 
seems  desirable  to  state  the  conditions  regulating  the  absolute 
and  relative  sizes  of  the  constituents  of  cable  cores ;  these  are  as 
follows : — The  dimensions  of  the  core  are  determined  by  the 
number  of  words  per  minute  required  to  be  transmitted,  and  by 
the  total  length  of  the  cable.  The  number  of  words  which  a 
core  will  transmit  in  a  given  time,  if  the  ratio  between  the 
weights  of  the  conductor  and  insulator  be  maintained  constant, 
is  directly  as  the  weight  of  the  core,  it  varies  with  the  nature  of 
the  insulator,  and  is  inversely  as  the  square  of  the  cable's  length. 
The  ratio  between  the  weights  of  the  insulator  and  conductor 
per  mile  is  varied  with  the  specific  inductive  capacity  of  the  in- 
sulating material  employed,  and  as  a  rule  the  insulator  is  used 
in  excess  of  the  weight  indicated  by  theory  as  necessary  to  give 
the  maximum  speed  with  a  given  diameter  of  core.  In  gutta- 
percha cores  the  ratio  of  copper  to  gutta-percha,  by  weight,  varies 
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from  two-thirds  to  equality;  the  lightest  core  of  practical  use  has 
73  lbs.  copper  and  119  lbs.  gutta-percha  per  knot,  a  common 
size  is  107  lbs.  copper  and  140  to  166  lbs.  gutta-percha;  the 
largest  core  yet  laid,  that  of  the  French  Atlantic  cable,  is  400 
lbs.  copper  and  400  lbs.  gutta-percha.  The  diameter  of  the  con- 
ductor in  the  last  is  -168  inch  and  of  the  core  470,  or  the  ratio  of 
the  diameters  is  nearly  1  :  3.  Blavier  has  shewn  that  the  ratio 
5  :  8,  and  another  author  (Sabine)  3  : 5,  would  give  the  maximum 
speed  with  a  given  sized  core,  but  there  is  manifestly  considerable 
risk  in  reducing  the  absolute  thickness  of  the  insulator.  The 
specific  inductive  capacity  of  India-rubber  being  much  lower 
than  that  of  gutta-percha,  a  thin  Tier  covering  of  this  material  is 
required  to  obtain  a  given  speed  through  a  fixed  conductor,  and 
accordingly  in  India-rubber  core  the  copper  bears  a  larger  pro- 
portion by  weight  and  bulk  to  the  insulator.  As  a  certain  abso- 
lute thickness  of  insulator  is  necessary  mechanically,  in  a  small 
core  of  Hooper's  India-rubber  90  lbs.  of  copper  and  130  lbs.  of 
insulator  per  knot  is  used,  the  diameters  of  copper  and  core 
being  -080  and  -241  inch  respectively,  or  as  1  :  3  ;  medium  sized 
core  has  equal  weight  of  copper  and  insulator — viz.,  180  lbs.  of 
each  per  knot ;  in  larger  sizes  the  copper  is  in  excess,  thus  the 
North  China  cable  core  has  300  lbs.  copper  to  200  lbs.  insulator 
per  knot,  the  diameters  of  copper  and  core  being  -147  and  '318 
inch  respectively.  Hooper's  material  is  about  2-25  per  cent, 
heavier  specifically  than  gutta-percha.  The  number  of  words 
per  minute  n,  a  given  gutta-percha  core  L  knots  in  length,  the 
conductor  weighing  w  lbs.  per  knot,  will  transmit  with  a  mirror 

.  w 

instrument,  is  represented  by  the  formula  n  =  C-p2;  C  is  a  co- 
efficient varying  with  the  ratio  between  the  gutta-percha  and 
copper.  The  values  of  C  for  several  ratios  is  given  below  on 
the  authority  of  Professor  F.  Jenkin,  the  weight  of  copper  being 

Weight  of  Gutta-percha.  Value  of  O. 

80  163,000 

90  175,000 

100  187,000 

110  196,000 

120  205,000 

130  21,500 

140  22,400 

150  23,300 

I60  24,000 

If  the  Morse  instrument  be  used,  n  to  be  divided  by  14 ;  if 
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Willoughby   Smith's    or  Hooper's  material  be  used,   n  to  be 
multiplied  by  1-17. 

444.  The  iron  wire  used  being  of  a  relatively  large  size,  has 
a  breaking  strain  of  about  35  tons  per  square  inch  of  section. 
Mr.  F.  Jenkin  states  as  an  ultimate  load  for  good  iron  2  tons 
per  pound  of  iron  per  fathom — this  he  states  is  equal  to  about  41 
tons  per  square  inch,  but  calculating  the  intensity  of  this  load 
from  the  table  of  sizes  of  wire  given  by  Mr.  Johnson,  it  appears 
only  equal  to  39 -85  tons.     This  is,  however,  too  highland  a  more 
simple  and  accurate  rule  is  the  following : — The  working  load  of  an 
iron  wire  cable  is  one  pound  for  each  pound  of  iron  per  knot; 
the  factor  of  safety  4>eing  4,  the  ultimate  tenacity  is  about  36 
tons  per  square  inch.     The  homogeneous  wire  has  a  tenacity  of 
50  to  60  tons  per  square  inch.     The  factor  of  safety  usually 
employed  for  cables  is  4.     The  maximum  tension  during  sub- 
mersion is  the  weight  in  water  of  a  length  of  cable  equal  to  the 
maximum  depth  of  the  sea  in  which  it  is  to  be  laid,  less  the 
friction  between  the  cable  and  the  water.     If  the  cable  has  to  be 
raised  from  the  end  or  on  the  bight,  the  cable  forms  a  catenary, 
the  resistance  of  the  water  which,  as  stated  above,  diminishes  the 
stress  during  immersion,  increases  the  stress  when  the  cable  is 
being  raised ;  this  resistance  being  as  the  square  of  the  velocity 
there  is  manifestly  advantage  in  raising  a  cable  slowly  when  the 
tension  is  considerable.     The  tensile  strength  of  the  cable  is 
practically  that  of  the  guards  only,  the  core  being  comparatively 
weak  and  but  little  of  its  strength  being  available  by  reason  of 
its  greater  extensibility.     As  the  maximum  strain  is  only  borne 
for  a  short  time  by  each  section  of  the  cable  in  succession  as  it 
passes  over  the  stern  of  the  ship,  a  maximum  load  equal  to  one- 
third  of  the  ultimate  load  may  be  permitted  during  submersion 
■without  danger,  but  it  is  evident  if  accident  rendered  it  necessary 
to  take  such  a  cable  up  there  wou]d  be  no  chance  of  success. 
If  the  contingency  of  having  to  raise  the  cable  has  to  be  pro- 
vided for,  this  can  only  be  adequately  done  by  calculating  the 
maximum  load   on  the   cable  in  raising  it  from  the  greatest 
depth,  and  using  at  least  4  as  a  factor  of  safety.    Where  ex- 
perience leads  to  the  conclusion  that  it  will  probably  .be  neces- 
sary to  raise  the  cable,  or  when  a  cable  has  to  be  laid  for  a 
temporary  purpose,  then  6  should  be  used  as  a  factor  of  safety; 
but  in  these  cases  the  depth  is  not  usually  great,  the  contingency 
of  having  to  raise  it  is  therefore  amply  provided  for  without 
special  provision.     The  additional  weight  of  iron  put  into  shore 
ends  qf  cables  does  not  increase  the  modulus  of  the  cable,  but 
the  thick  wires  expose  less  surface  to  oxidation  in  proportion  to 
their  weight,  and  the  heavier  cable  has  greater  absolute  strength, 


392  TELEGRAPH    CONSTRUCTION   AND   MAINTENANCE. 

fitting  it  to  resist  mechanical  violence.  Shallow  water  cables 
have  a  tenacity  far  greater  than  is  required  to  admit  of  sub- 
mersion and  picking  up.  Deep-sea  cables  covered  with  homo- 
geneous iron  wire  guards  have  usually  about  2  tons  of  iron  per 
knot — this  is  found  to  answer  well  in  practice.  The  Atlantic 
cables  furnish  examples  of  the  employment  of  hemp  and  homo- 
geneous iron  together;  the  1866  Atlantic  cable  has  seven  No. 
18  B.W.G.  copper  wires  for  conductor,  its  guards  are  ten  No. 
13  B.W.G.  homogeneo\is  iron  wires,  each  served  with  five  yarns 
of  Manilla  put  on  spirally;  the  diameter  of  the  cable  is  1-127 
inch,  its  tenacity  8  tons,  its  weight  per  knot  1-8  ton;  in  the 
French  Atlantic,  a  more  recent  cable,  the  core  weighs  800  lbs. 
per  knot,  the  serving  234  lbs.,  the  served  core  is  -669  inch  in 
diameter,  the  guards  are  ten  homogeneous  iron  wires  each  -1 
inch  in  diameter,  and  covered  with  five  Manilla  strands,  each 
served  wire  is  -245  inch  in  diameter,  and  its  ultimate  load  is 
1550  lbs.  The  diameter  of  the  cable  is  1*134  inch,  it  weighs 
1*652  ton  per  knot  in  air,  0*753  ton  in  water,  its  ultimate 
tenacity  is  7*375  tons,  its  tenacity  in  air  is  equal  to  the  weight 
of  44  knots,  and  in  water  to  9*8  knots  of  itself. 

445.  The  completed  cable  is  coiled  in  tanks,  each  of  which  has 
in  its  centre  a  frame  termed  an  eye,  having  a  minimum  diameter 
of  6  or  8  feet ;  the  cable  is  coiled  in  layers  by  men  stationed 
inside  the  tank,  each  coil  commences  at  the  periphery  of  the 
tank  and  finishes  at  the  eye,  the  cable  is  then  taken  radially  to 
the  periphery  and  another  coil  commenced ;  the  layers  are  sepa- 
rated by  sticks  or  planks  placed  radially.  If  the  cable  be  covered 
with  bituminous  matter,  it  may  be  dusted  with  lime  or  other 
fine  powder  to  prevent  the  coils  sticking  together,  but  some 
degree  of  adhesion  is  advantageous  on  shipboard,  as  it  pre- 
vents in  a  measure  the  cable  flying  aboirb  when  being  payed 
out.  On  board  ship  the  tanks  are  similar  to  those  on  the 
works;  ships  built  for  cable  laying  have  the  tanks  arranged 
with  great  economy  of  space  and  weight.  A  conical-shaped 
frame,  formed  of  concentrically  arranged  rings,  is  suspended 
over  the  tank;  this  frame  being  lowered  into  the  tank  as  the 
latter  is  emptied,  the  cable  is  forced  to  pass  between  the  iron 
rings  and  the  frame  or  mould  forming  the  eye  of  the  tank,  and 
is  thus  prevented  from  flying  about  under  the  influence  of  cen- 
trifugal force  while  being  payed  out.  If  a  cable  of  ordinary 
construction  were  simply  put  over  the  stern  of  the  ship,  it  would 
hang  with  the  weight  in  water  of  a  length  of  itself  equal  to  the 
depth  of  the  sea;  no  machinery  is  necessary  therefore  to  get  the 
cable  to  run  out,  when  it  has  been  payed  out  for  a  short  length 
it  will  run  out  itself;  hence  it  is  necessary  to  have  brakes  to 
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control  the  rate  at  which  it  shall  run  out,  by  offering  the  resist- 
ance of  friction  in  opposition  to  the  weight  of  the  cable  hanging 
over  the  stern  of  the  vessel.  But  it  is  also  necessary  that  the 
tension  on  the  cable  at  any  moment  should  be  known  in  order 
to  use  the  brake ;  this  tension  is  measured  by  a  dynamometer. 
The  essential  parts  of  the  paying  out  apparatus  are  thus  the 
brake  and  the  dynamometer.  As  the  cable  leaves  the  tank  it 
passes  several  times  round  a  grooved  drum,  the  weight  dragging 
the  cable  out  causes  this  drum  to  revolve.  The  brake  is  that 
known  as  Appold's,  the  principle  of  which  is  described  in  Part  I., 
chapter  i.,  section  3 ;  it  consists  of  a  band  of  iron  plate,  carry- 
ing pieces  of  hard  jvood,  both  ends  of  the  iron  strap  are  con- 
nected to  a  lever  at  points  about  two  inches  apart,  so  that  the 
blocks  of  wood  are  made  to  press  against  the  circumference  of  a 
smooth  drum,  fixed  rigidly  on  the  same  axis  as  the  drum  turned 
by  the  cable ;  the  pressure  is  regulated  by  the  force  applied  to 
the  actuating  lever.  From  the  brake  the  cable  passes  to  the 
dynamometer;  this  consists  of  a  weighted  jockey  wheel  having 
a  deep  groove  on  its  edge  to  receive  the  cable ;  the  axis  of  this 
wheel  is  movable  in  a  vertical  frame,  so  that  the  wheel  may  rise 
or  fall  within  certain  limits ;  on  the  frame  a  graduated  scale  is 
marked,  on  which  the  height  of  the  axis  of  the  jockey  wheel  can 
be  read  off;  the  jockey  wheel  rests  on  the  cable,  and  being 
weighted,  it  bends  the  latter; 
from  the  degree  to  which  it  does 
this  the  tension  on  the  cable 
can  be  calculated.  If  abc,  fig. 
83,  be  a  portion  of  the  cable,  zT 

and   b  be  the  jockey  wheel  Fig.  83. 

depressing  the  cable  midway 

between  the  pulleys  a  and  c  through  the  height  db,  let  m  = 
weight  of  jockey  b,  x  =  tension  of  cable  between  a  and  6,  then — 

„    m  m 

If  n  =  distance  ad  =  half  of  ac,  and  if  q  =  the  distance  db,  then — 

sin  <f°  =    /-=-— j b. 
substituting  this  value  for  sin  <£°  in  the  value  of  x — 
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To  make  a  scale  for  measuring  the  tension  on  the  cahle  by  the  . 
vertical  depression  db,  assign  different  values  to  x  in  the  last 
equation;  as  m  and  n  are  known  quantities,  the  values  of  q  for 
the  several  values  assigned  to  x  may  be  readily  calculated. 
The  cable  passes  from  the  tank  round  the  brake  drams,  then 
under  the  jockey  of  the  dynamometer,  and  finally  over  a  pulley 
fixed  over  the  stern  of  the  ship  into  the  sea;  a  man  stationed  at 
the  dynamometer  has  control  over  the  brake,  and  can  thus 
control  the  tension.  The  above  is  a  general  description  of  the 
apparatus  and  manner  of  conducting  the  operation,  generally 
two  drums  and  two  brakes  coupled  together  are  used,  one  brake 
acting  on  each  drum ;  an  apparatus  is  attached  to  register  the 
length  of  cable  actually  passed  out  by  recording  the  revolutions 
of  the  brake  drums,  or  those  of  a  pulley  turned  directly  by  the 
cable,  and  pumps  are  conveniently  situated  for  keeping  the 
brakes  cool.  The  lever  actuating  the  brake  may  be  weighted 
or  acted  upon  by  hydraulic  pressure;  in  the  latter  case  it  is 
connected  to  the  rod  of  a  piston  working  in  a  hydraulic  cylinder, 
and  by  putting  pressure  above  or  below  the  piston  the  brake  is 
tightened  or  loosened  as  necessary.  The  trim  of  the  ship  is 
commonly  preserved  by  taking  in  water  as  ballast  as  the  cable 
is  exhausted.  The  machinery  should  be  of  the  best  and  most 
solid  construction,  and  the  brakes  should  be  sufficiently  powerful 
to  stop  the  cable.  Besides  the  control  over  the  tension  furnished 
by  the  brake,  the  dynamometer  acts  as  a  spring  on  the  cable  to 
ease  it  when  from  any  cause  the  tension  is  suddenly  increased 
or  diminished.  The  angle  of  immersion  is  also  an  important 
element  to  observe,  this  angle  is  usually  so  small  during  paying 
out  that  the  pitching  of  the  ship  scarcely  affects  the  tension, 
but  when  this  angle  is  large  the  pitching  of  the  ship  affects  the 
tension  sensibly,  its  influence  is  a  maximum  when  this  angle  is 
90°,  and  becomes  considerable  when  the  cable  is  fixed  at  the 
bottom,  as  may  occur  in  raising  a  cable.  This  angle  of  immersion 
also  indicates  by  its  magnitude  the  rate  of  sinking  when  the  rate 
of  the  ship  is  known,  the  length  of  cable  sinking  at  the  same 
time  when  the  depth  is  known,  &c.  The  object  to  be  attained  is 
to  lay  the  cable  for  its  whole  length  on  the.  ground,  that  no  part 
may  be  suspended  between  elevations  on  the  bottom — i.  e.,  to 
lay  it  so  that  there  may  be  no  tension  on  it  at  any  past  when 
laid;  and  to  lay  sufficient  slack  to  ease  the  cable  in  passing  out 
as  much  as  may  be  necessary,  to  admit  of  it  being  lifted  should 
such  become  necessary,  and  yet  to  so  limit  the  excess  that  the 
cable  may  not  get  into  kinks,  or  the  line  be  unnecessarily 
lengthened  by  which  the  cost  would  be  improperly  increased 
and  the  rate  of  signalling  reduced.    For  a  depth  of  2,000  fathoms 
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16  per  cent,  is  sufficient  slack,  but  20  to  25  per  cent,  is  not 
excessive;  a  cable  has  been  laid  in  30  to  35  fathoms  with 
less  than  5  per  cent,  slack,  but  this  is  very  exceptional.  The 
percentage  of  slack  necessary  to  admit  of  the  cable  being  raised 
on  the  bight  may  be  calculated  when  the  depth  and  nature 
of  the  bottom  are  known,  and  the  force  required  to  drag  a  unit 
length  of  the  cable  in  water  on  similar  material  to  that  of  the 
bottom  has  been  ascertained  by  experiment.  It  is  easier  to  pay 
a  cable  out  taut  than  slack,  as  when  taut  it  is  less  liable  to  a 
certain  class  of  accidents,  as  kinking;  for  the  same  reason  a 
somewhat  stiff  cable  is  preferred  to  a  vary  flexible  one,  and  if 
the  coils  stick  together  somewhat  it  tends  to  hinder  the  cable 
from  jumping.  The  route  for  the  cable  having  been  carefully 
sounded,  the  tension  on  the  cable  must  be  adjusted  according  to 
the  depth  and  other  conditions  present  at  each  stage  of  the 
operation.  Cable  ships  should,  if  practicable,  be  large  enough 
to  contain  the  whole  cable  to  reduce  the  number  of  joints.  The 
"  Hooper "  and  "  Faraday  "  are  the  only  vessels  actually  built 
for  the  purpose,  the  latter  can  carry  5,000  tons,  equal  to  1,500 
miles  of  thin  cable,  it  has  three  tanks,  two  45  feet,  one  37  feet 
diameter,  and  each  27  feet  deep;  the  testing  room  is  conveni- 
ently situated  in  the  corner  between  the  two  main  tanks.  The 
machinery  on  these  vessels  is  of  the  most  solid  description,  and 
the  testing  rooms  are  fitted  with  strong  furniture;  batteries 
for  use  at  sea  are  fitted  in  stands  or  racks,  and  covered  with 
paraffin  or  other  suitable  material  to  prevent  the  liquid  being 
spilt  by  the  motion  of  the  ship. 

446.  When  a  short  cable  has  to  be  laid  in  a  river  or  a  narrow- 
arm  of  the  sea,  there  is  no  cable-laying  vessel  on  the  spot,  and 
the  expense  of  procuring  the  xise  of  such  a  vessel  is  too  great 
compared  with  the  value  of  the  cable  to  admit  of  its  use ;  then  a 
vessel  procurable  on  the  spot  must  be  employed  for  the  purpose, 
and  the  appliances  at  command  employed  in  lieu  of  the  more 
perfect  machinery.  In  shallow  water  very  little  difficulty  is 
experienced,  the  cable  may  be  payed  out  by  hand,  it  must  be 
paid  out  slack  or  the  boat  will  not  steer,  and  will  thus  be  borne 
along  by  the  current  if  there  be  one.  The  slack  in  this  case  is 
of  great  utility  in  case  of  scour,  a  common  occurrence  in  rivers; 
and  as  shallow  water  cables  are  liable  to  accident  from  currents, 
anchors,  &c,  the  slack  is  very  useful  in  case  of  repairs  being 
necessary.  It  is  evident  the  proportion  of  slack  to  admit  of 
repairs  must  be  larger  in  a  very  short  cable  than  in  a  long  one 
under  conditions  precisely  similar,  excepting  in  the  particular  of 
length.  Across  very  shallow  water,  as  in  landing  the  shore  ends 
of  deep-sea  cables,  the  cable  is  laid  by  men  wading  in  the  water. 
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When  a  boat  is  used  in  a  strong  current,  kedging  may  be 
resorted  to.  In  all  cases  a  strong  boat  should  be  chosen,  as 
much  way  as  possible  should  be  put  on  it,  an  anchor  and  means 
to  stop  the  cable  should  be  ready  for  use  in  case  of  acci- 
dent. When  comparatively  narrow  deep  water  has  to  be  cabled, 
considerable  propelling  power  in  the  vessel  is  necessary,  for  in 
this  case  tension  consequent  on  the  depth  has  to  be  resisted,  and 
the  conditions  are  those  described  in  the  case  of  deep-sea  cables. 
If  the  tension  be  such  that  the  cable  cannot  be  held  directly,  it 
may  be  passed  round  a  drum  and  friction  used  to  increase  the 
control,  the  friction  of  the  cable  against  the  drum  may  be  used 
instead  of  the  brake  described  in  the  case  of  long  cables;  the 
drum  should  be  of  large  diameter  and  kept  cool  by  water,  it  may 
be  made  by  covering  a  windlass  or  capstan  with  timber  or  iron, 
the  operation  should  be  performed  slowly,  as  risk  of  accident  is 
thereby  diminished.  This  is  only  applicable  to  very  short  cables, 
as  the  cable  wears  away  the  surface  of  the  cylinder;  it  is  but  a 
rough  expedient,  and  damages  any  preservative  coating  which 
may  have  been  applied  to  the  cable.  Another  form  of  brake 
may  be  made  by  making  the  cable  pass  between  blocks  of  wood 
pressed  together  by  a  lever.  In  using  the  friction  of  the  cable 
against  wood,  the  wood  is  rapidly  worn  away,  and  this  must  be 
considered  and  provided  against  in  improvising  machinery.  It 
is  far  better  when  possible  to  imitate  roughly  the  machinery 
used  for  long  cables ;  instead  of  acting  on  the  cable  directly  let 
it  turn  a  drum  or  roller  and  apply  the  brake  to  the  roller, 
distributing  ;the  pressure  over  a  considerable  surface.  If  the 
cable  be  passed  over  the  stern  of  the  vessel  and  allowed  con- 
siderable lateral  play,  it  interferes  less  with  the  steering  than  if 
confined  by  being  passed  out  over  a  sheave,  but  in  the  former 
case  if  allowed  to  rub  against  the  woodwork  it  rapidly  cuts  it 
away,  and  means  should  be  provided  to  prevent  this— stout  iron 
plate  or  a  long  roller  may  be  used.  To  stop  the  cable  if  the 
brake  is  not  sufficient,  a  few  turns  of  a  rope  may  be  put  round  it, 
the  rope  being  fastened  securely  by  one  end  to  a  timber  head, 
this  rope  is  kept  free  until  it  is  necessary  to  stop  the  cable  when 
it  is  drawn  tight.  Rope  may  be  used  as  a  brake,  the  rope  being 
worn  away  fresh  rope  must  be  applied  from  time  to  time.  To 
lay  a  cable  in  a  river  choose  a  strong  roomy  boat;  the  boats  used 
by  the  natives  of  India  are  usually  unfitted  to  bear  a  concen- 
trated cargo,  or  such  strains  as  those  consequent  on  lifting  or 
suddenly  arresting  a  cable  running  out;  the  crew  should  be  a 
strong  one,  and  as  the  boat  will  not  steer  well  a  second  boat  is 
as  a  rule  necessary;  the  cable  should  not  be  confined  by  a  sheave, 
it  should  have  considerable  lateral  play  to  reduce  its  influence 
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on  the  boat's  movements.  The  path  to  be  followed  should 
be  marked  by  ranging  poles  on  the  banks;  if  the  river  be 
wide  floating  marks  may  be  used,  if  practicable  prominent 
objects  on  the  banks,  such  as  large  trees,  should  be  used  to 
steer  by.  The  cable,  previously  carefully  coiled  in  the  bottom 
of  the  boat,  should  be  paid  out  by  hand,  great  care  being  taken 
to  prevent  accident  to  the  men  engaged,  particularly  to  make 
them  keep  clear  of  the  centre  of  the  coils  as  they  rise  and  are 
drawn  straight;  coolies  not  used  to  the  work  are  sometimes  very 
careless.  The  depth  of  water,  momentum  of  vessel,  and  strength 
of  cable  are  usually  such  that  there  is  no  danger  of  injury  to  the 
cable  if  the  paying  out  be  suddenly  stopped,  there  is  no  necessity 
for  apparatus  to  indicate  tension  or  rate  of  running  out,  and  the 
cable  must  be  laid  slack  or  the  motion  of  the  boat  will  be  im- 
peded. If  the  current  be  strong  the  operation  is  rendered  more 
troublesome,  and  in  most  cases  the  boat  maybe  taken  over  the  track 
once  or  twice  with  advantage  before  actually  paying  the  cable  out. 
There  is  difference  of  opinion  concerning  the  slack  which  should  be 
allowed  in  river  cables,  but  in  general  they  should  be  laid  very 
slack,  apart  from  the  necessity  for  laying  them  slack  consequent 
on  the  manner  of  laying  them.  If  the  bottom  and  banks  of  a 
river  are  stable,  and  there  is  no  risk  from  vessels  anchoring  near 
the  cable,  then  the  cable  need  not  be  laid  very  slack,  and  a  few 
turns  of  cable  buried  on  the.  bank  to  provide  for  possible  splices 
is  all  that  is  required.  If  the  bed  of  the  river  is  unstable, 
then  the  cable  should  be  slack  to  allow  it  to  rest  on  the  bottom 
after  scour ;  as  river  cables  sink  in  silt  and  become  buried  and 
covered  with  weeds,  unless  slack  they  cannot  in  some  cases  be 
raised  even  in  shallow  water.  The  cutting  of  banks  when  high 
and  steep  frequently  exposes  the  cable  and  strains  it,  hence  near 
such  banks  the  cable  should  be  very  slack.  Cables  are  less  liable 
to  injury  from  small  anchors  if  slack,  and  in  extremely  unstable 
rivers,  notwithstanding  the  objections  to  very  slack  cables,  the 
only  chance  of  keeping  up  communication  is  by  laying  a  very 
strong  cable  very  slack,  otherwise  the  cable  fails  immediately 
the  stream  is  flooded  ;  this  is  the  general  result  of  experience  in 
India.  A  short  cable  should  have  a  greater  percentage  of  slack 
than  a  long  one,  to  allow  for  splicing.  A  small  coil  of  cable 
should  as  a  rule  be  buried  on  one  bank.  Ordinarily  10  per 
cent,  is  sufficient  slack  in  a  slow  current,  and  with  a  fairly  stable 
bed,  when  the  river  is  very  unstable  the  more  slack  the  better, 
if  it  can  be  laid  in  a  serpentine  line  and  prevented  from  kinking; 
if  the  banks  be  high,  vertical,  and  unstable,  a  few  coils  of  cable 
should  be  buried  on  each  bank.  Eiver  cables  are  easily  laid,  but 
very  liable  to  accident  afterwards,  and  are  frequently  so  buried 
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in  a  short  time  in  the  mud  or  covered  up  by  scour  that  they 
cannot  be  taken  up  for  repair;  hence  great  judgment  and  a 
careful  examination  of  the  river  are  frequently  necessary  to 
choose  a  site,  and  in  some  tropical  rivers  a  cable  will  not  last 
longer  than  from  the  end  of  one  rainy  season  to  the  beginning  of 
the  next.  In  India  rivers  move  occasionally  to  new  channels, 
some  of  them  are  always  very  unstable,  both  bed  and  bank  ;  the 
bank  at  one  place  may  be  carried  away  for  perhaps  two  or  three 
hundred  yards  in  twenty-four  hours,  and  at  another  spot  vast 
quantities  of  earth  may  be  deposited ;  in  a  very  short  period  the 
depth  may  increase  at  one  place  40  or  50  feet,  at  another  place  it 
may  decrease  to  the  same  extent ;  in  such  rivers  cables  cannot 
be  picked  up,  and  they  are  required  to  be  very  strong  and  laid 
very  slack.  Extensive  alterations  of  river  beds  cannot  be  pro- 
vided for  in  laying  cables  or  erecting  masts ;  most  great  changes 
are  either  gradual  or  their  imminence  becomes  apparent  before 
they  take  place,  and  the  real  source  of  security  is  careful  periodi- 
cal inspections  of  the  stream,  and  anticipation  of  the  changes  by 
shortening  or  lengthening  the  cable  when  practicable,  removing 
the  masts,  &c.  In  order  to  do  this  effectually  the  stream  should 
be  inspected  for  some  distance  before  laying  the  cable,  and  in- 
quiries should  be  made  concerning  past  changes  ;  after  a  cable 
has  been  laid  or  masts  erected,  a  plan  and  section,  should  be  re- 
corded shewing  the  form  and  position  of  the  bank  and  positions 
of  the  ends  of  the  cable  or  masts;  a  few  measurements  made  from 
time  to  time  will  render  alterations  evident,  and  the  particulars 
of  such  measurements,  or  revised  plans  and  sections  should  be 
recorded  with  the  original  drawings.  A  short  distance  on  each 
side  of  the  crossing  should  be  included  in  the  plan.  "When  a 
cable  is  laid  across  a  very  wide  river  or  an  arm  of  the  sea,  from 
a  small  sailing  vessel  or  steamer,  it  is  necessary  to  have  more 
control  over  the  cable  than  when  laying  it  from  a  boat,  as  the 
water  is  as  a  rule  deeper.  The  vessel  should  be  driven  slowly ;  if 
the  cable  cannot  be  controlled  by  hand,  then  the  machinery  used 
for  long  cables  should  be  imitated ;  in  all  cases  the  channel  should 
be  sounded  and  the  tension  calculated  for  the  proposed  velocity 
of  the  vessel,  percentage  of  slack,  <fcc.,  before  commencing  the 
operation ;  and  fine  calm  weather  should  be  chosen — a  matter  of 
little  difficulty,  as  the  operation  does  not  as  a  rule  take  long. 
Although  many  of  the  difficulties  experienced  in  laying  deep-sea 
cables  are  absent  others  are  present,  and  from  the  imperfect 
machinery  usually  available  there  is  often  considerable  risk  in 
laying  a  cable  in  this  manner. 

447.  A  cable  may  be  raised  either  from  one  end,  as  in  case  of 
accident  during  paying  out,  or  when  the  operation  is  commenced 
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from  the  shore,  or  it  may  be  commenced  from  an  intermediate 
point  when  a  fault  has  been  localised  by  testing  after  the  cable 
has  been  laid.  The  operation  in  either  case  is  comparatively 
easy  if  the  water  be  shallow  and  the  cable  is  not  buried  in  sand 
or  mud  or  entangled  in  aquatic  plants.  The  machinery  for 
raising  the  cable  fitted  on  board  cable  ships  is  of  two  kinds — in 
one  kind  the  cable  is  lifted  by  separate  machinery  on  the  prin- 
ciple of  the  ordinary  steam  winch,  being  transferred  to  a  sheave 
over  the  bow  of  the  ship  for  the  purpose;  in  the  other  kind  the 
brake  drums  are  driven  the  reverse  way,  the  cable  may  be  trans- 
ferred to  a  pulley  at  the  bow,  or  the  ship  may  move  backward. 
Of  the  two  ships  built  expressly  for  cable  laying,  "the  Hooper" 
steers  only  one  way,  and  the  cable  has  to  be  transferred  to  the 
bow  when  it  is  to  be  taken  in;  "the  Faraday"  may  be  steered 
from  either  end,  and  the  cable  does  not  have  to  be  transferred — 
the  ship  is  steered  from  the  other  end  and  moves  backward  with- 
out turning  when  the  cable  has  to  be  taken  in.  To  raise  a  cable 
on  the  bight  it  is  first  grappled,  by  causing  a  vessel  to  drag  a 
grapnel  across  the  line  of  the  cable  until  it  is  caught ;  it  is  then 
slowly  brought  on  board.  An  ordinary  grapnel  may  be  used, 
but  for  raising  deep-sea  cables  a  more  complicated  grapnel  has 
been  devised;  it  differs  from  the  ordinary  form  in  having  arms 
from  the  shank  to  the  flukes,  which  close  automatically  and 
prevent  escape  of  the  bight  after  it  has  been  seized.  When  the 
depth  is  considerable  the  cable  may  be  caught  on  the  bight  and 
broken,  then  a  second  bight  may  be  taken  on  one  side  of  the 
break ;  in  this  case  the  angle  of  the  bight  raised  being  reduced 
by  first  breaking  the  cable,  the  tension  on  the  cable  is  greatly 
reduced.  Or,  instead  of  proceeding  as  described  above,  two  or 
more  bights  may  be  taken  up  by  different  vessels  so  as  to  reduce 
the  angle  of  the  bight  lifted  from  the  water.  An  improved 
grapnel  has  been  invented  by  Mr.  Lambert,  by  means  of  which 
a  cable  may  be  grappled,  broken  on  one  side,  and  raised  from  the 
other;  this  grapnel  has  been  successfully  applied.  In  taking  in 
the  cable  the  ship  should  move  slowly  over  the  path  of  the  cable 
as  indicated  by  the  cable  itself,  and  the  cable  should  be  coiled 
away  by  hand  as  it  is  received  on  board. 

448.  Joints  in  cables  are  technically  termed  splices,  because 
the  guards  are  spliced  in  a  manner  somewhat  similar  to  a  long 
splice  in  a  rope.  The  joint  may  be  divided  into  the  splicing  of 
the  guards,  the  joining  of  the  accidental  materials  as  the  hemp 
serving  outside  the  guards  and  the  packing  between  the  core  and 
the  guards,  joining  the  insulator,  and  joining  the  conductor. 
Joints  in  the  insulator  are  made  as  described  for  gutta-percha  or 
India-rubber  core,  as  the  case  may  be.      The  hemp  or  other 
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packing  or  serving  is  unwound  when  commencing  the  joint,  and 
put  on  after  joining  the  core  or  guards,  as  the  case  may  be;  it  is 
not,  however,  opened  in  single  yarns,  but  in  parcels  each  of  one- 
third  or  one-fourth  the  total  number  of  yarns  used,  so  that  the 
yarns  are  opened  in  three  or  four  separate  parcels.  They  are 
served  on  as  nearly  as  possible  as  they  were  originally;  they  are 
thinned  out  if  necessary,  are  made  to  break  joint,  and  tarred  or 
otherwise  treated  according  to  their  original  treatment  in  the 
manufacture.  Packing  when  replaced  should  not  increase  the 
diameter  of  the  served  core  beyond  its  original  length,  or  the 
guards  will  not  lie  close — hence  it  may  be  necessary  to  thin  down 
the  yarns;  but  the  same  necessity  does  not  exist  in  the  case  of 
the  covering  put  over  the  guards.  In  shortening  the  core  the 
packing  should  not  be  shortened  to  the  same  extent ;  enough 
should  be  left  to  cover  the  whole  length  of  served  core  from 
which  the  guards  are  removed  in  making  the  joint.  The  guards 
are  spliced  on  the  same  principle  as  a  long  splice  is  made  in  an 
ordinary  rope,  each  guard  not  being  joined  but  merely  laid  in 
between  the  others;  but  practice  differs  in  the  two  cases.  The 
case  of  a  cable  differs  from  that  of  a  hempen  rope  in  the  follow- 
ing particulars : — The  twist  being  much  longer  in  the  cable  the 
splice  must  be  longer  to  hold;  in  practice  it  varies  between  20 
and  60  feet;  30  feet  is  sufficiently  long  in  a  cable  covered  with 
twelve  wires  not  larger  than  No.  3  B.W.G-. ;  the  strands  in  a 
rope  are  only  three  in  number,  and  very  flexible ;  whereas  the 
guards  of  a  cable  are  seldom  fewer  than  twelve,  are  compara- 
tively inflexible,  and  when  bent  the  twist  is  readily  lost.  Hence 
in  splicing  the  cable  the  following  precautions  have  to  be  ob- 
served:^— 1.  The  guards  of  the  cable  are  opened  in  three  or  four 
parcels  instead  of  singly,  and  each  parcel  is  temporarily  tied 
with  twine  or  wire  to  keep  the  wires  together;  2.  care  is  taken 
to  prevent  the  wires  being  bent,  by  being  trodden  upon  or  other- 
wise, by  which  the  twist  in  them  would  be  spoiled ;  3.  as  the 
wires  are  so  numerous,  and  require  to  be  carefully  handled,  it  is 
found  convenient  to  open  the  guards  of  only  one  of  the  ends  of 
the  cable,  in  the  first  instance,  instead  of  both  ends,  as  with  a 
rope — thus  the  splice  in  the  guards  is  on  one  side  only  of  the 
conductor  joint,  and  is  made  by  laying  the  whole  of  the  guards 
from  one  of  the  ends  to  be  joined  into  the  other,  not  by  laying 
in  a  guard  alternately  from  each  end,  as  in  splicing  a  rope.  The 
splice  is  made  in  the  following  manner: — Straighten  carefully 
the  ends  to  be  joined;  if  the  guards  are  uneven  or  otherwise 
damaged  at  either  end,  put  on  a  short  serving  of  thin  wire,  and 
saw  off  the  damaged  piece  with  an  ordinary  metal  saw;  separate 
the  guards  of  one  of  the  ends  to  be  joined  into  three  equal 
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parcels,  or  if  necessary  four ;    separate  these  guards  from  the 
core  for  a  length  two  yards  or  more  longer  than  the  splice  to 
be  made,  temporarily  tying  each  set  with  twine  or  thin  wire  to 
keep  the  individual  wires  together;  avoid  injury  to  the  twist ; 
shorten  the  core  from  this  end,  leaving  a  length  of  3  or  4  feet 
only  for  jointing — this  length  is  left  in  order  that  the  separated 
guards  may  not  be  inconveniently  near,  so  as  to  be  in  the  way 
while  joining  the  core,  and  for  convenience  in  jointing  the  pack- 
ing.    The  other  end  to  be  joined  is  prepared   by  putting  on  a 
serving  of  wire,  sawing  off  the  guards  flush  with  each  other,  so 
that  1  or  2  feet  of  the  core  projects  beyond  the  guards;  as  the 
guards  are  less  in  the  -way  a  shorter  length  of  core  is  necessary 
on  this  end.     The  conductor  and  insulator  having  been  joined, 
the  serving  over  the  core  is  replaced,  being  made  to  break  joint 
as  much  as  possible ;  put  on  tightly,  and  so  as  not  to  exceed  the 
original  size  of  the  served  core.     The  joined  cable  should  be  now 
slightly  strained  by  hand  to  straighten  the  core,  and  held  straight 
by  men  for  a  somewhat  greater  length  than  that  of  the  splice, 
the  serving  on  the  shortened  guards  is  removed,  one  parcel  of 
the  long  guards  is  taken,  arranged  parallel  with  the  cable,  and 
an  equal  number  of  wires  being  selected  and  unwound,  this  parcel 
is  wound  on  in  their  place ;  but  in  sawing  off  the  wires  they  are 
not  cut  off  at  one  place,  but  2  feet  or  more  apart — thus,  if  each 
parcel  consisted  of  four  wires,  when  these  were  laid  in  and  cut 
off  they  would  meet  the  guards  of  the  other  side  at  four  places 
2  feet  or  more  apart.     If  the  cable  had  twelve  wire  guards  and 
the  joint  was  24  feet  long  when  the  splice  was  finished,  the 
guards  of  one  side  would  meet  those  of  the  other  respectively 
at  twelve  places  2  feet  apart,  distributed  over  the  24  feet,  the- 
length  of  core  uncovered  to  make  the  joint  would  be  30  feet, 
and  the  joint  in  the  core  would  be  on  one  side  of  the  long  splice 
in  the  guards.     The  guards  should  meet  well  and  should  be  well 
faced  at  the  ends,  not  pointed  or  sharp,  and  a  serving  of  thin  wire 
is  put  on  for  6  inches  to  1  foot  over  each  place  where  the  guards 
meet.     If  a  strand  rises  in  splicing,  it  should  not  be  hammered 
down,  or  the  shape  of  the  cross  section  of  the  cable  may  be  altered, 
the  core  may  be  injured,  and  the  correct  abutment  of  the  guards 
destroyed;  to  lay  the  strand  the  cable  is  seized  by  a  heavy  pair 
of  tongs  somewhat  resembling  pincers,  these  are  driven  along  the 
cable  over  the  raised  strand  by  a  hammer,  and  the  strand  is  thus 
pressed  down  without  altering  the  cylindrical  form  of  the  cable. 
Cable  conductors  are  joined  in  two  ways — in  one  the  strand 
wires  of  each  end  are  soldered  to  form  a  solid  and  are  filed  down 
for  scarfing,  the  two  ends  are  then  placed  together,  served  with 
fine  wire,  and  again  soldered  finally;  another  serving  of  fine  wire 
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is  put  on  extending  beyond  the  first  serving  on  each,  side  and 
soldered  only  at  its  ends,  in  order  to  maintain  the  electrical 
continuity  if  the  joint  opens  oiit.  The  fine  wire  is  commonly 
put  on  several  turns  at  a  time  rather  than  singly,  but  the  several 
turns  should  be  as  evenly  laid  as  a  serving  of  one  wire.  This 
joint  is  very  rigid,  and  probably  usually  much  weaker  than  the 
unjoined  conductor.  The  other  mode  of  joining  is  as  follows: — 
Two  or  more  twists  are  put  into  one  or  both  of  the  ends  to  bo 
joined  by  coiling  the  core  or  cable  on  the  floor,  the  strands  of  the 
conductor  are  now  separated  for  a  short  length  on  each  side,  the 
ends  of  the  wires  on  one  side  are  separately  joined  to  those  on 
the  other  by  a  simple  scarf  without  binding  wire,  and  so  as  to 
break  joint,  the  two  or  three  extra  twists  put  in  by  coiling  are 
then  concentrated  in  the  joint.  This  joint  is  superior  to  the 
scarfed  joint,  but  it  takes  a  greater  length  of  conductor,  and 
hence  makes  a  longer  joint  in  the  insulator;  its  strength  is  due 
in  a  great  measure  to  friction,  hence  the  joints  in  the  single 
wires  should  be  at  least  half  an  inch  apart.  It  is  more  flexible 
than  the  scarfed  joint,  is  better  suited  to  a  conductor  of  three 
than  one  of  seven  wires,  and  is  not  applicable  to  a  conductor 
consisting  of  a  thick  central  wire  surrounded  by  a  number  of 
thin  wires.  The  scarf  joint  is  more  commonly  employed.  An 
excellent  joint  might  be  made  in  a  stranded  conductor  by  simply 
laying  the  wires  together  so  as  to  break  joint  (as  in  splicing 
cable  guards),  and  soldering  the  whole  length  of  the  splice. 

449.  Cables  are  coiled  so  as  to  put  an  extra  twist  into  them, 
this  is  taken  out  in  uncoiling,  and  the  cable  is  laid  therefore 
in  the  state  it  left  the  spinning  machine;  but  it  reaches  the 
bottom  with  a  slightly  less  twist  when  laid  in  deep  water. 
Cable  core  is  in  some  cases  tested  by  subjecting  it  to  pressure 
under  water,  the  pressure  to  which  it  will  be  subjected  in  the 
sea  or  a  more  intense  pressure  being  put  on  it  for  a  time  and  the 
effect  on  insulation  noted,  generally  the  core  is  first  subjected 
to  a  partial  vacuum;  but  although  of  great  importance  to  discover 
the  effects  of  pressure  in  the  first  instance,  the  practical  value  of 
such  testing  is  very  doubtful.  Guttapercha  cables  covered  with 
iron  gtiards  if  once  wetted  must  be  kept  under  water,  as  the 
heat  developed  by  oxidation  of  the  iron  is  so  great  as  to  soften 
the  insulator,  and  injure  the  cable.  Gutta-percha  cables  are 
usually  kept  under  water,  and  are  kept  under  water  in  the  ship 
from  which  they  are  laid.  Cables  of  Hooper's  material  are  not 
liable  to  injury  from  heating,  and  they  may  hence  be  exported 
dry  without  fear  of  injury,  this  is  a  source  of  economy;  the  cable 
is  coiled  on  board  ship,  the  coils  being  merely  separated  by 
planks,  but  gutta-percha  cable  should  be  packed  "in  water  tanks. 
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The  sites  of  cables  should  be  marked  by  masts  carrying  discs, 
flags,  or  other  signals,  when  it  is  necessary  to  -warn  vessels  from 
anchoring  too  near;  in  India  the  sites  of  river  cables  are  marked 
by  small  masts  carrying  discs  painted  red — notice  boards  on  each 
bank  and  at  any  landing  place  or  market  near  explain  the  mean- 
ing of  the  signs  and  warn  the  boatmen;  this  is  found  sufficient, 
as  the  result  of  catching  the  cable  is  always  inconvenience,  and 
with  boats  frequently  the  loss  of  an  anchor. 

Section  V. — Fittings  and  Arrangement  of  Offices. 

450.  Underground  wires  are  connected  directly  or  by  covered 
wire  with  the  commutator  or  testing  board;  overground  wires 
are  stopped  at  the  terminal  insulator,  and  should  be  brought 
under  shelter  by  well  insulated  uncovered  wires,  as  covered  wire 
does  not  bear  exposure,  and  unless  frequently  renewed  its 
insulation  cannot  be  depended  on.  The  wires  joining  the  line 
outside  to  the  wires  inside  the  building  are  termed  the  leading 
in  wires,  they  are  usually  of  thin  wire  (12  to  18),  and  insulated 
by  small  insulators  similar  to  those  used  on  the  lines  but  smaller. 
Office  wires  are  mostly  of  copper,  but  iron  wire  is  sometimes 
used  and  might  be  used  more  commonly;  the  objections  to  its 
use  are  its  greater  rigidity  and  the  greater  difficulty  of  cleaning  it; 
for. covered  wire  copper  is  as  a  rule  better.  For  short  circuits, 
as  in  the  small  offices  in  towns  connected  with  local  lines  only, 
wire  covered  with  cotton  may  be  used ;  for  connections  with  long 
lines  covered  connecting  wires  should  be  well  insulated — gutta- 
percha is  used  to  cover  these  in  temperate  climates,  but  in 
tropical  climates  gutta-percha  is  inadmissible  and  India-rubber  is 
used.  Well  varnished  cotton  might  in  some  cases  be  used  with 
great  economy  for  fixed  wires.  Thinly  covered  wires  only  are 
required  for  office  connections,  it  is  not  necessary  to  put  on  the 
thick  coating  of  the  insulator  sometimes  used  for  underground 
wires;  a  thick  coating  increases  greatly  the  cost  of  the  wire  and 
the  volume  of  the  wires,  the  latter  is  an  important  consideration 
when  a  great  many  wires  have  to  be  fitted.  For  battery  wires 
and  also  for  other  wires  on  short  circuits,  or  when  a  very  high 
degree  of  insulation  is  not  attained  on  the  lines,  uncovered  wires 
may  be  used,  insulated  by  small  rings  of  white  porcelain;  but  it 
is  difficult  to  dispose  of  uncovered  wires  if  numerous,  hence 
thinly  coated  wires  are  preferred,  and  when  a  great  many  wires 
have  to  be  disposed  about  a  building  these  are  more  economical, 
as  they  can  be  tied  in  bundles,  and  then  occupy  comparatively 
little  space.  Uncovered  wires  may  be  used  most  economically  in 
small  offices  having  very  few  circuits,  in  which  the  wires  can  be 
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conveniently  fixed  to  the  walls  on  wooden  battens.  For  earth 
wires  uncovered  wire  may  be  used,  for  lightning  dischargers  and 
when  to  be  laid  on  the  floor,  strips  of  sheet  copper  are  very  conve- 
nient. All  wires  should  be  joined  by  soldered  joints  as  far  as  prac- 
ticable, binding  screws  are  expensive  and  the  contact  is  inferior; 
permanent  twisted  unsoldered  joints  ought  not  to  be  permitted. 
Joints  which  have  to  be  opened  are  joined  by  binding  screws;  a 
piece  of  copper  with  a  slot  in  it  to  receive  the  screw  soldered  to 
the  end  of  the  wire,  is  better  than  bending  the  end  of  the  wire 
round  the  screw  when  a  contact  has  freqiiently  to  be  opened. 
Hooks  on  wires  to  pass  round  binding  screws  should  be  right- 
handed,  in  order  that  they  be  not  opened  in  screwing  down  the 
nut.  The  ordinary  bellhangers'  joint  is  used  to  join  copper 
wires.  Wires  when  few  may  be  fixed  to  the  walls  so  as  to  be 
visible,  but  it  is  better  to  lead  them  about  a  building  by  tying 
them  in  bundles  or  cables  properly  labelled,  and  enclosing  them. 
in  troughs  or  tubes,  or  merely  placing  them  under  the  floors  or 
along  the  walls.  In  Europe  and  America  the  wires  are  generally 
hidden  away  and  cannot  be  got  at  excepting  by  a  carpenter 
taking  up  the  floors,  &c;  in  India  the  wires  are  arranged  to  be 
accessible  throughout  their  whole  extent  for  inspection:  the  dif- 
ference in  practice  is  due  to  the  fact,  that  gutta-percha  used  for 
insulating  the  wires  is  very  durable  in  Europe,  many  wires  in 
office  connections  are  apparently  perfectly  preserved  after  four- 
teen years  use,  but  in  India  the  wires  covered  with  gutta-percha 
were  quite  untrustworthy,  and  the  frequency  of  faults  in  the 
wires  rendered  it  necessary  to  have  them  accessible;  India- 
rubber  used  at  present  is  more  durable.  In  Paris  the  wires  are 
made  into  cables,  one  cable  leading  to  the  instruments  in  each 
room ;  in  England  the  wires  from  the  connection  board  are  made 
into  a  cable,  and  from  this  small  cables  branch  off  in  different 
directions,  the  whole  being  placed  under  the  floor.  In  the  Berlin 
oflice  the  wires  are  brought  in  as  cable,  but  in  the  instrument 
room  they  are  all  visible — they  are  uncovered  and  supported  by 
brackets  on  the  instrument  tables.  Wires  made  into  cables  are 
less  liable  to  injury,  the  covered- wires  are  simply  placed  together 
and  well  served  with  tape,  which  in  the  case  of  gutta-percha 
covered  wire  is  soaked  in  Stockholm  tar.  The  practice  of  mak- 
ing the  wires  up  into  cables  would  be  found  very  suitable  for 
tropical  climates,  as  it  would  tend  greatly  to  preserve  the  insu- 
lating material,  to  protect  the  wires  from  mechanical  violence,  and 
render  it  easier  to  arrange  them  about  the  building  without 
making  them  inaccessible  by  placing  them  under  the  floors,  and 
this  mode  of  disposing  wires  is  cheaper  than  fixing  them  against 
walls  separately.     Covered  connecting  wires  should  be  protected 
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from  the  light  when  possible  to  increase  their  durability;  if 
tarred  or  painted  the  tar  or  paint  should  be  occasionally 
renewed.  Although  not  usual  in  temperate  climates,  in  tropical 
climates  it  is  very  advantageous  to  have  the  wires  or  cables 
accessible  throughout  their  whole  extent;  but  it  is  better  to 
prevent  accident  than  provide  means  of  discovering  faults,  hence 
it  is  preferable  to  make  up  the  wires  into  cables,  than  to  leave 
them  loose  or  fix  them  separately,  particularly  when  they  are 
very  numerous.  In  making  wires  into  cables  they  should  be 
placed  parallel  not  twisted  together,  and  they  should  be  classi- 
fied— e.  g.,  the  wires  for  each  room  may  form  a  separate  cable, 
or  the  battery  wires  may  form  separate  cables  from  the  line 
wires ;  the  wires  in  a  cable  may  differ  in  size,  those  for  different 
purposes  differing  in  size  and  being  thereby  distinguishable 
readily.  All  wires  should  be  numbered  or  labelled  at  each 
end  for  convenience  in  testing  them  or  altering  connections. 
Connecting  wires  should  be  as  short  as  practicable. 

451.  In  some  offices  large  commutators  are  used,  in  others  the 
commutator  is  replaced  by  a  testing,  terminal,  or  connecting 
board ;  in  the  new  offices  of  the  Western  Union  Telegraph 
Company  (America)  is  a  commutator,  probably  the  largest  in 
existence,  it  is  in  three  sections,  forming  each,  a  separate  com- 
mutator, each  section  contains  54  upright  straps;  the  whole 
arrangement  provides  for  132  wires,  it  is  3  feet  wide,  12  feet 
long,  and  contains  16,000  pieces.  In  India  commutators  are 
used,  but  the  largest  provides  for  only  about  12  lines.  In 
England  commutators  are  not  used;  in  the  central  office  at 
London  one  large  testing  board  is  used,  it  will  provide  for  800 
lines,  and  consists  of  a  flat  surface  of  woodwork  carrying  screws 
arranged  in  pairs,  one  of  each  pair  being  connected  with  the 
lines,  the  other  with  the  instruments ;  a  row  of  knobs  projecting 
from  the  board  serves  to  support  wires  used  for  making  trans- 
verse connections,  for  which  ordinary  covered  wire  is  used.  In 
the  battery  room  smaller  connection  boards  are  used.  In  the 
central  office  at  Paris  the  line  wires  are  brought  into  one  room 
to  a  set  of  binding  screws  arranged  in  a  large  circle  on  the  wall; 
another  set  of  screws  arranged  in  a  concentric  and  smaller  circle 
is  connected  with  the  instruments,  and  these  two  sets  of  screws 
are  connected  by  wires  arranged  radially.  The  battery  wires 
are  brought  to  a  line  of  screws,  and  connected  by  uncovered 
wires  in  porcelain  rings  to  a  second  set.  From  the  rooms  con- 
taining the  arrangements  described  the  wires  are  distributed  to 
the  instrument  rooms,  those  for  each  room  are  made  up  into  a 
separate  cable;  the  instruments  are  distributed  over  many  rooms 
in  each  room  is  a  small  connection  board  having  two  vertical 
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rows  of  binding  screws,  one  connected  with  the  lines,  the  other 
with  the  instruments,  the  connections  are  made  between  these 
two  rows  of  screws  by  flexible  conductors  covered  with  vulcanised 
India-rubber  and  of  suitable  length.  In  the  Berlin  office  a  com- 
mutator is  used  providing  for  96  lines.  The  commutator  is  very 
iiseful  for  a  small  number  of  lines,  not  exceeding  perhaps  10 ; 
when  larger  it  becomes  inconvenient  and  unnecessarily  expensive, 
and  the  connection  board  appears  more  convenient.  The  com- 
mutator provides  more  than  is  required,  it  appears  useful  for  a 
large  number  of  lines  only  when  divided — i.e.,  the  instruments 
being  arranged  in  groups,  a  separate  commutator  is  used  for  each 
group.  The  arrangements  in  use  in  London  and  Paris  appear 
preferable  to  the  usa  of  large  commutators.  When  a  testing 
board  is  large,  to  save  trouble  in  tracing  connections  all  cross 
connections  should  be  labelled  at  each  end.  On  testing  boards 
all  cross  connections  are  recorded  as  made,  and  at  a  certain  hour 
every  day  they  are  either  taken  off,  or  the  reason  for  leaving 
them  on  is  recorded.  The  arrangement  of  the  Paris  office  seems 
to  offer  many  advantages  over  the  use  of  one  large  testing  board, 
as  the  long  wires  \ised  for  making  cross  connections  are  dispensed 
with,  and  the  arrangements  can  be  seen  without  tracing  out  con- 
nections ;  but  in  the  case  of  a  large  number  of  lines,  as  in  the 
central  office,  London,  this  plan  cannot  be  carried  out. 

452.  In  Europe  the  protection  from  lightning  is  not  required 
to  be  so  perfect  as  in  India;  in  France  and  Prussia  point  dis- 
chargers are  used  at  each  instrument;  at  Paris  the  lines  as  they 
enter  the  town  pass  through  a  small  building  in  which  a  set  of 
dischargers  is  arranged,  the  same  building  serving  for  testing 
purposes.  In  England  the  small  grooved  plate  dischargers  are 
used.  In  India  large  surface  grooved  plate  dischargers  and  thin 
wires  are  used,  these  are  covered  with  glass  cases  and  are  open 
to  inspection;  a  point  is  frequently  attached  to  the  line  and 
brought  near  the  terminal  post,  a  copper  disc  is  soldered  to 
the  latter  to  receive  the  spark. 

453.  It  is  common  to  have  the  instruments  arranged  either  in 
one  or  several  large  rooms,  a  large  number  of  instruments  when 
possible  being  placed  in  the  same  apartment;  an  exception  to 
this  is  seen  at  Paris,  the  ends  of  the  lines  are  brought  into  one 
room,  in  this  room  there  are  no  signalling  instruments,  hence 
any  examination  of  the  lines  can  be  carried  out  in  this  room 
without  disturbance,  and  without  interfering  with  business; 
from  this  room  cables  lead  to  many  other  rooms,  and  instead 
of  a  very  few  large  rooms  the  instruments  are  arranged  in  small 
rooms,  each  room  containing  a  convenient  number  of  instruments 
properly  classified  geographically;  a  chief  clerk  has  charge  of  one 
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or  more  rooms.  The  distribution  of  instruments  over  several 
rooms  rather  than  massing  a  large  number  of  them  in  one  room 
has  many  great  advantages;  the  signalling  clerks  are  more  under 
control,  the  arrangement  of  connections  simpler,  the  noise  and 
apparent  confusion  are  less,  messages  can  at  all  times  therefore  be 
received  by  sound — testing  and  other  technical  operations  being 
carried  on  in  a  separate  room  interfere  less  with  the  business  of 
despatching  and  receiving  messages,  &c.  At  the  central  office  at 
London  all  the  instruments  are  in  one  room  having  an  area 
of  20,000  square  feet,  and  containing  two-thirds  of  a  mile  of 
ma'hogany  tables,  the  number  of  clerks  employed  is  about  1200. 
Having  inspected  many  offices,  the  author  was  struck  with  the 
absence  of  noise  and  the  other  great  advantages  of  the  arrange- 
ments at  Paris.  Instruments  should  be  arranged  geographically; 
at  translation  stations  instruments  working  together  in  "  trans- 
lation" should  be  conveniently  placed  for  the  purpose. 

454.  Batteries  should  be  arranged  in  a  separate  room  from 
the  signalling  instruments  whenever  practicable,  they  are  best 
arranged  on  shelves  made  of  wood  well  soaked  with  drying  oil, 
when  numerous  they  are  usually  arranged  on  racks  or  frames  of 
oak,  teak,  or  pine.  The  battery  room  is  most  conveniently 
situated  when  in  the  basement  of  the  building.  Soldered  con- 
nections should  be  used  as  far  as  practicable  in  preference  to 
binding  screws. 

455.  Testing  apparatus  is  usually  arranged  conveniently  near 
the  connection  board  or  commutator,  it  should  be  connected  by 
permanent  wires  in  such  manner  as  to  be  available  at  any 
moment.  It  is  better  to  have  the  testing  arrangements  in  a 
separate  room  from  the  signalling  instruments. 

456.  Messages  are  conveyed  about  the  building  in  small  offices 
by  hand,  but  in  large  offices  tubes  containing  small  buckets  are 
very  commonly  used  between  different  stages.  In  London, 
messages  were  formerly  conveyed  about  the  building  by  endless 
bands  of  tape  kept  continually  moving,  and  the  message  was 
simply  inserted  between  the  bands,  by  which  it  was  then  con- 
veyed and  shot  into  a  small  tray  in  the  part  of  the  building 
where  required.  The  system  of  endless  bands  has  now  been 
superseded  by  one  of  pneumatic  tubes;  short  tubes  are  laid, 
they  are  controlled  from  one  end  only,  and  by  this  means  the 
messages  are  conveyed  between  different  points  in  the  instru- 
ment room.  In  the  Berlin  office  messages  were  (1864)  conveyed 
between  different  stages  by  tubes,  the  carriers  were  caused  to 
ascend  by  pneumatic  pressure  produced  by  a  man  acting  on  a 
pair  of  bellows  by  means  of  his  weight;  the  tabes  were  polished 
inside,  and  the  carriers  were  covered  with  chamois  leather  and 


408  TELEGRAPH   CONSTRUCTION  AND   MAINTENANCE. 

fitted  the  tube  loosely.  Pigeon  holes  and  boxes  to  contain 
messages  at  the  signalling  instruments  should  have  covers  of 
glass  or  be  simply  cages  of  wirework,  the  latter  serve  the 
purpose  very  well;  the  object  of  these  precautions  is  that  the 
messages  may  be  seen  and  not  be  overlooked. 

457.  In  general  the  furniture  should  be  strong  and  not  likely 
to  harbour  dirt  or  insects  ;  solid  wood  well  polished  is  the  best, 
and  baize  and  leather  table  covers  should  be  avoided.  Some- 
times several  instruments  on  the  same  table  are  separated  from 
each  other  by  glass  screens  ;  these  are  inconvenient,  but  a  small 
batten  three  or  four  inches  high  may  be  used  with  advantage. 
Separate  tables  are  perhaps  the  best  for  terminal  stations,  for 
translation  stations  each  table  should  carry  two  instruments. 
Commonly  several  instruments  are  placed  on  one  large  table. 
The  tables  should  be  large  enough  to  allow  about  9  square  feet 
to  each  signaller.  All  instruments  should  be  well  covered  up 
from  dust  by  glass  covers;  commutators,  testing  apparatus,  light- 
ning dischargers,  &c,  should  be  enclosed,  preferably  in  glazed 
cases.  The  ventilation  should  be  good ;  as  the  men  have  to 
work  all  night,  it  should  be  provided  for  without  draughts ;  it 
should  not  be  under  control  of  the  clerks. 

458.  Plans  should  be  made  of  all  large  offices,  shewing  the 
disposition  of  the  instruments,  distinguishing  the  kind  of  instru- 
ments, shewing  the  positions  of  the  several  tables,  distribution 
of  connecting  wires,  &c;  for  small  offices  isometrical  projections 
may  be  used  to  exhibit  these  details.  These  plans  are  usually 
filed  in  the  office  of  the  engineer  in  charge  of  the  section,  but 
they  are  useful  to  the  clerk  in  charge,  and  are  particularly  useful 
to  a  stranger  assuming  charge.  Traffic  routes,  representing  the 
lines  round  the  office  and  contiguous  offices  in  a  conventional  or 
ideal  drawing,  are  also  of  great  utility.  The  lines  of  a  system 
are  usually  distinguished  by  numbers.  Sometimes  the  whole 
telegraph  system  is  divided  into  sections,  each  section  is  a  length 
of  line  between  two  important  towns  usually  having  much 
through  traffic ;  to  the  section  is  given  a  distinguishing  number 
by  which  the  circuit  is  known  at  every  part  of  its  course,  and  by 
which  it  can  be  referred  to.  Sometimes  one  or  both  of  the 
termini  are  mentioned  with  the  number,  but  the  number  is 
sufficient.  A  list  of  the  numbers  of  the  circuits  is  printed ;  it 
gives  particulars  of  the  route  of  each  and  other  particulars,  and 
this  list  is  revised  from  time  to  time  as  new  circuits  are  added  or 
old  lines  dismantled.  In  England  the  circuits  communicating 
with  the  central  office  have  each  a  distinguishing  number,  given 
by  the  authority  at  the  central  office,  and  the  same  authority  can 
alter  or  modify  the  circuits,  such  changes  of  designation  being 
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binding  on  other  offices.  When  the  instruments  are  numerous, 
at  each  one  is  placed  a  label  stating  the  number  of  the  circuit,  its 
other  terminus  and  offices,  and  the  manner  in  which  the  lines 
are  ordinarily  connected  at  each  of  the  latter,  as  "direct"  or 
"  translation."  The  distinguishing  number  given  to  each  circuit 
is  kept  by  this  circuit  irrespective  of  variations  of  gauge,  position 
on  posts,  &c;  it  refers  to  the  particular  circuit,  and  particularises 
the  whole  of  the  circuit.  If  a  portion  of  one  circuit  is  inserted 
in  another  this  does  not  become  part  of  the  second  circuit,  it  still 
retains  its  distinguishing  number;  the  new  disposition  of  the 
lines  is  carefully  recorded,  and  within  24  hours  the  wires  of  the 
two  circuits  are  either»separated,  or  the  reason  for  allowing  the 
temporary  arrangement  to  continue  longer  is  recorded ;  as  early 
as  practicable  the  circuits  are  separated.  If  however,  one  section 
of  a  circuit  be  faulty,  and  it  be  necessary  to  make  a  permanent 
alteration,  such  alteration  is  made  and  the  circuit  is  reconstituted 
by  order  of  a  central  authority,  it  being  necessary  to  confine  such 
powers  to  one  central  authority  to  prevent  confusion.  The  lines 
on  each  post  are  known  by  an  arbitrary  system  of  numbers,  but 
this  merely  distinguishes  the  position  of  the  line  on  the  pole. 
As,  however,  lines  usually  maintain  one  relative  position  on  the 
poles  throughout  their  entire  length  between  two  contiguous 
stations,  when  few  in  number  the  circuits  may  be  distinguished 
between  such  stations  by  the  numbers  representing  the  relative 
positions  of  the  wires  on  the  poles ;  but  these  numbers  must  not 
be  confounded  with  the  numbers  distinguishing  the  circuits 
when  a  separate  set  of  numbers  is  used  for  this  purpose,  the 
commonest  case  in  practice. 


CHAPTER  II. 

MAINTENANCE  AND  ORGANISATION. 

Section  I. — Repairs. 

459.  Repairs  may  be  classified  as  those  to  prevent  inter- 
ruption of  telegraphic  communication  and  those  to  restore  com- 
munication when  interrupted  by  accident.  Work  of  the  second 
class  is  reduced  in  proportion  as  that  of  the  first  class  is  well 
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done  and  possible  causes  of  accident  foreseen  and  provided 
against.  For  work  of  the  second  class  an  establishment  must 
be  ever  in  readiness,  the  tools  must  be  of  the  lightest  and  most 
portable  description,  materials  of  certain  kinds,  as  insulators  and 
wire,  must  be  readily  accessible,  and  the  work  must  be  done 
quickly,  regardless  of  its  cost  and  durability;  any  temporary 
expedient  is  admissible,  the  materials  used  may  be  perishable 
or  borrowed  for  the  occasion;  and  generally  the  necessity  for 
rapidly  restoring  communication  renders  the  work  more  costly 
and  makes  it  necessary  to  do  the  work  over  again  in  a  per- 
manent manner,  so  that  the"  cost  of  such  repairs  is  loss — i.e.,  no 
permanent  advantage  is  purchased — e.g.,  a  line  damaged  by  a 
storm  may  be  repaired  quickly  by  buying  bamboos  on  the  spot 
for  posts,  making  unsoldered  joints  in  the  wire,  dispensing  with 
insulators,  perhaps  inserting  rusty  wire  or  thin  copper  wire 
in  the  line,  &c. ;  on  the  arrival  of  materials  all  the  work  of 
reconstruction  has  to  be  done  over  again,  and  the  materials  pur- 
chased for  the  temporary  purpose  are  perhaps  thrown  away,  not 
being  saleable  or  worth  carrying  away.  It  is  manifest  repairs  of 
the  second  class  are  unprofitable,  and  however  short  the  inter- 
ruption of  communication,  it  is  far  more  economical  to  prevent 
accident  as  far  as  possible  than  repair  damage  quickly  at  any 
cost.  Interruptions  damage  a  line  commercially  and  cause  a 
direct  loss  in  traffic  receipts,  hence  no  pains  should  be  spared  to 
prevent  them  by  anticipation. 

460.  Materials  for  repairs  should  be  carried  or  stored  at 
intervals ;  insulators  are  most  often  required,  and  a  few  should 
be  distributed  at  villages,  towns,  cable  huts,  police  stations,  &c, 
for  emergencies,  every  10  or  12  miles  is  near  enough  for  depfits, 
and  2  per  cent,  is  a  sufficient  number  on  an  average ;  a  small 
quantity  of  wire,  a  few  bracket  bolts,  and  other  similar  small 
stores,  should  also  be  deposited.  In  constructing  a  line  a  few 
articles  are  usually  left  at  dep6ts,  but  the  quantities  should  be 
kept  down,  and  the  greater  part  of  the  surplus  stores  should  be 
kept  at  the  telegraph  offices;  a  few  posts  and  2 J  to  5  per  cent,  of 
wire  should  be  held  in  reserve.  At  long  river  spans  a  second  span, 
wire  should  be  stored  near  the  span  for  use  in  case  of  emergency. 
If  many  short  river  cables  occur  near  each  other  a  reserve  cable 
may  be  kept  to  provide  against  accidents.  As  a  rule  a  working 
party  repairing  a  line  should  be  fully  provided  with  an  assort- 
ment of  every  description  of  article  used  on  the  line,  and  should 
be  prepared  not  only  to  do  any  slight  repairs,  but  to  reconstruct 
or  alter  any  short  section  of  line,  so  that  no  defect  of  any  kind 
may  be  left  to  be  repaired  at  a  future  time.     As  a  rule  it  is 
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cheaper  to  cart  an  assortment  of  stores  than  allow  stores  to  be 
deposited  on  the  line  for  future  use,  for  if  the  materials  are 
actually  with  the  party  there  is  no  excuse  for  postponing  the 
execution  of  work,  and  the  cart  is  usually  necessary  to  carry 
the  men's  luggage.  On  railway  lines  smaller  quantities  of 
material  may  be  carried,  but  even  in  this  case  a  complete  assort- 
ment should  be  carried  from  station  to  station  when  a  line  is 
to  be  thoroughly  repaired.  Heavy  tools  should  be  deposited  at 
dep6ts  on  the  line,  if  there  are  any  cable  huts  or  other  con- 
veniently situated  and  secure  means  of  storing  them;  ladders 
should  be  rather  left  at  line  dep6ts,  as  they  are  inconvenient  'to 
carry.  For  permanent  work  heavy  tools  should  be  used,  for 
restoring  communication  light  portable  tools  and  very  light  rope 
and  blocks;  the  whole  should  be  carefully  packed  for  use  at  any 
moment,  and  on  no  account  should  light  tools  be  used  for  per- 
manent repairs — firstly,  because  they  might  be  missing  when 
urgently  reqiiired;  secondly,  because  they  are  quite  unsuited  to 
heavy  work,  and  if  used  for  such  are  soon  rendered  unserviceable. 
The  percentage  of  stores  of  each  kind  which  must  be  held  in 
reserve  depends  on  the  circumstances  of  each  case,  and  should  be 
found  by  experience;  if  insulators  are  removed  as  soon  as  they 
are  cracked  however  slightly,  5  per  cent,  is  not  found  too  large 
a  percentage  in  India  for  ordinary  flat  country  stores  being 
issued  once  a  year,  this  leaves  a  small  percentage  always  on 
hand;  the  consumption  may  however  reach  this  figure,  and  on 
hilly  country  exceed  it.  The  insulators  are  presumed  to  be 
hooded. 

461.  As  a  rule  inspection  of  lines,  without  the  means  of  im- 
mediately remedying  the  defects  discovered,  should  be  avoided 
as  a  source  of  expense.  Lines  should  be  periodically  examined 
and  every  defect,  however  slight,  removed.  The  inspection  of 
long  direct  lines  should  not  be  made  by  regarding  them  from  an 
adjacent  road ;  men  with  ladders  should  examine  every  insulator 
bracket,  lightning  discharger,  contact  wire,  post,  stay,  &c,  every 
pole  should  be  examined  for  soundness  if  of  timber,  fastenings 
should  be  looked  to,  and  the  examination  should  be  thorough. 
The  inspecting  officer  shoiild  as  a  rule  be  accompanied  by  a  suf- 
ficient number  of  men,  and  furnished  with  tools  and  materials  to 
at  once  remedy  any  defects  discovered;  every  broken  or  cracked 
insulator  should  be  removed,  the  nests  of  insects,  particularly  such 
as  those  of  the  termes,  certain  ants,  and  the  mason  wasp,  should 
be  removed  from  the  insulators,  no  discovered  defect  should  be 
left  unrepaired,  the  repairs  should  be  executed  under  the  eye  of 
the  inspecting  officer  if  possible,  and  to  prevent  him  being  un- 
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duly  detained  he  should  be  accompanied  by  intelligent  foremen 
in  order  to  employ  a  due  number  of  men.  In  general  the  men 
should  be  in  small  parties  or  single,  but  when  any  alteration  or 
other  work  requiring  a  large  gang  has  to  be  done,  they  work 
together.  An  economical  plan,  when  practicable,  is  to  slightly 
increase  the  pay  of  several  of  the  most  intelligent  workmen,  and 
employ  them  to  superintend  ;  by  this  means  a  large  party  of 
workmen  may  be  employed  economically  and  the  work  done 
very  quickly.  A  close  network  of  lines  in  a  country  well  covered 
with  roads  and  railways  may  be  kept  in  repair  by  a  permanent 
staff  of  foremen  and  labourers;  in  this  case  the  necessity  for 
actually  repairing  the  line  under  the  personal  supervision  of  the 
engineer  does  not  exist,  as  the  work  may  be  readily  inspected  at 
any  time ;  but  more  frequent  inspection  is  necessary  in  this  case, 
as  small  defects  may  be  left  unrepaired  or  the  execution  of 
repairs  may  be  postponed  from  time  to  time. 

462.  The  ultimate  check  upon  the  work  is  inspection  by  a 
competent  officer ;  the  expenditure  may  be  controlled  by  being 
estimated  beforehand,  and  by  insisting  on  a  sanctioned  estimate 
for  every  work.  The  only  check  on  the  justice  of  expenditure 
and  its  necessity,  is  the  experience  of  the  engineers  controlling 
the  work  and  personal  inspection. 

463.  The  execution  of  repairs  does  not  differ  from  construction 
so  as  to  call  for  special  treatment,  it  is  frequently  very  trouble- 
some to  repair  multiple  lines  without  seriously  interfering  with 
traffic ;  in  hot  dry  weather  a  line  may  be  laid  on  the  ground  for 
a  long  distance  without  stopping  traffic,  this  can  seldom  be  done 
in  temperate  climates,  but  is  general  in  India.  Before  removing 
ties  or  stays  for  repair  or  cutting  out  pieces  of  line,  temporary 
stays  or  a  temporary  line  must  be  erected ;  strong  pickets  are 
used  as  temporary  anchors,  and  the  straining  tackle  is  used  as  a 
temporary  tie,  the  load  is  taken  off  the  permanent  tie  by  haul- 
ing on  the  tackle  fall.  Not  only  should  faults  be  remedied,  but 
their  causes  sought  out  and  removed — e.g.,  if  a  tie  at  an  angle  is 
found  loose  the  clamp  may  have  slipped  down  or  the  anchor 
may  have  dragged;  if  the  tie  be  tightened  without  removing  the 
original  cause,  it  will  become  loose  again  and  ultimately  perhaps 
fail  by  dragging  up  the  anchor  or  otherwise.  The  sites  of 
faults  which  have  resulted  in  interruptions  to  communication 
should  be  examined,  and  alterations  made  if  necessary  to  prevent 
faults  in  future.  The  work  done  to  restore  communication  when 
interrupted  may  in  the  first  instance  be  of  a  temporary  character, 
but  the  man  who  executes  the  temporary  work  is  responsible  for 
making  it  permanent,  for  soldering  all  joints  and  restoring  the 
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repaired  portion  to  its  original  state ;  if  beyond  the  power  of  this 
man  to  do  the  work  permanently,  he  should  guard  the  temporary 
work  and  be  held  responsible  for  it  until  the  officer  in  charge 
can  have  the  repairs  permanently  executed.  Temporary  work 
should  never  be  permitted  to  remain  on  any  line  longer  than 
necessary  to  make  it  permanent,  and  all  work  done  after  inter- 
ruptions should  be  carefully  inspected  and  the  responsibility 
strictly  enforced.  Carts  or  trucks  are  as  a  rule  necessary  to 
carry  tools  and  materials,  and  the  men's  kits  should  be  carried 
for  them.  The  inspection  of  railway  lines  from  trains  is  not 
permitted  in  India,  excepting  to  find  faults  which  interfere  with 
traffic,  such  inspection  is  very  properly  regarded  as  useless  for 
other  purposes.  To  restore  communication  on  a  railway  line, 
it  is  merely  necessary  for  the  man  to  proceed  until  he  passes  the 
fault,  alight  at  the  next  station  and  return  to  the  fault;  but 
when  several  faults  exist,  as  sometimes  on  an  Indian  line  after  a. 
cyclone,  then  a  superior  officer,  with  a  party  of  men  supplied  with 
tools  and  materials,  inspects  the  line,  and  at  the  station  after 
each  fault  one  or  more  men  with  proper  materials  and  tools  are 
left  behind,  and  the  whole  line  is  inspected.  If  a  fault  has  been 
localised  by  testing,  the  party  despatched  to  repair  it  proceeds 
direct  to  the  spot  indicated. 


Section  II. — Organisation. 

464.  The  establishment  entertained  for  keeping  lines  in  work- 
ing order  is  organised  either  according  to  one  of  the  two  sys- 
tems described  below,  or  each  system  may  be  partially  adopted. 
Under  one  system  a  small  establishment  of  workmen  is  em- 
ployed permanently  to  restore  communication,  patrol  the  lines, 
and  execute  all  repairs  as  they  become  necessary  over  an  allotted 
section  of  line  or  district;  under  the  other  system  only  the 
supervising  officers  and  one  or  more  artizans  at  each  town  or 
station  are  employed  permanently — the  former  direct  the  work- 
ing of  the  lines  and  direct  repairs  periodically;  the  latter  are 
ever  in  readiness  to  restore  communication  when  ordered  to  do 
so,  employing  labour  on  the  spot  or  as  near  as  procurable.  Some- 
times these  systems  of  organisation  are  mixed — thus,  the  lines 
may  be  regularly  patrolled  by  a  set  of  men  charged  with  the 
duty  of  executing  petty  repairs  and  reporting  defects,  gangs  of 
men,  employed  permanently  or  temporarily,  doing  all  other 
repairs  periodically.  Each  system  will  be  seen  to  have  its 
merits.     Under  the  first  the  lines  are  periodically  inspected  and 
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are  presumed  to  be  kept  in  repair,  each  little  fault  being  repaired 
as  it  occurs,  and  interruptions  are  prevented  by  the  frequent 
inspections ;  under  the  other  system  the  labour  employed  is  kept 
very  low  until  actually  required,  and  the  establishment  may  be 
enormously  increased  immediately  such  increase  is  necessary — 
thus  the  cost  of  labour  is  kept  down  to  its  lowest  possible  limit, 
and  as  the  repairs  are  done  periodically  by  large  gangs  of  men 
under  highly  instructed  superintendence,  they  are  better  and 
more  economically  executed  than  when  done  from  time  to  time 
by  workmen  whose  authority  to  expend  money  and  stores  must 
be  very  strictly  limited.  One  thorough  inspection  under  strict 
supervision  is  more  useful  than  many  several  inspections  made  at 
short  intervals;  for  when  inspection  is  made  frequently  there  is 
a  tendency  to  make  it  less  searching,  and  to  pass  over  slight 
defects.  The  lines  are  in  all  cases  divided  into  sections  arbi- 
trarily termed  districts,  divisions,  &c. ;  these  may  be  subdivided, 
and  the  sub-sections  suitably  designated.  The  object  of  this 
•division  is  to  fix  responsibility.  In  some  administrations  the 
traffic  is  carried  on  by  one  staff  and  the  engineering  details  by 
another,  and  these  duties  are  kept  absolutely  distinct ;  in  other 
administrations  the  divisional  engineers  supervise  the  traffic  and 
every  detail  within  their  divisions,  and  are  responsible  for  both 
traffic  and  engineering.  The  best  system  on  which  a  maintenance 
and  traffic  establishment  should  be  organised  must  depend  on 
the  distribution  and  mode  of  construction  of  the  lines,  on  the 
means  available  for  the  rapid  carriage  of  labour  and  materials, 
on  the  supply  of  labour  procurable  on  emergencies,  on  the 
honesty  of  the  workmen,  the  climate,  <fce. ;  and  in  any  particular 
case  the  establishment  should  be  organised  in  accordance  with 
requirements,  and  no  particular  system  strictly  adhered  to.  If 
there  be  separate  superintendence  for  traffic,  for  accounts,  for 
engineering,  <kc,  men  are  answerable  to  several  persons  at  the 
same  time,  details  are  arranged  without  reference  to  the  total 
work  required  of  each  individual,  and  it  is  evident  that  either 
there  must  be  multiple  sup'erintendence  and  consequent  absence 
of  economy,  or  the  local  authority  must  be  weakened;  hence  as 
a  rule  there  should  be  division  of  the  lines  into  sections, ,  the 
officer  in  charge  of  each  section  being  responsible  for  every 
detail  of  execution  and  administration  within  his  charge,  form- 
ing a  channel  of  communication  between  his  subordinates  and 
the  central  or  superior  authority,  examining  into  the  justice  of 
complaints  personally,  and  generally  representing  the  central 
authority  locally.  The  unit  of  charge  may  be  lines  and  offices 
in  a  particular  town,  a  certain  length  of  line  and  the  offices  on 
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this  line,  or  a  very  large  office ;  but  as  a  rule  it  is  productive  of 
inconvenience  to  separate  responsibility  for  the  lines  from  that 
for  the  offices,  for  if  communication  be  unsatisfactory  there  may 
be  difference  of  opinion,  the  line  officer  blaming  the  office 
arrangements,  and  vice  versd.  The  local  officer  need  not  neces- 
sarily perform  all  the  administrative  labour  of  his  charge ;  thus 
the  accounts  may  be  forwarded  to  a  central  office  for  compilation, 
the  traffic  may  be  checked  by  examination  of  the  messages  by  a 
special  official,  &c,  care  being  taken  to  relieve  the  local  authority 
as  far  as  possible  of  excessive  administrative  work ;  but  the  local 
authority  alone  can  by  personal  investigation  fix  the  responsibility 
for  abuses,  enforce  economy  in  expenditure,  certify  to  the  honesty 
of  the  accounts,  &c.  Estimates  for  repairs,  for  office  establish- 
ments and  materials,  sanctions  for  the  purchase  of  stores  locally, 
&c,  should  be  countersigned  by  the  local  authority.  In  a  large 
office  forming  the  charge  of  a  local  authority,  the  labour  and 
responsibility  may  be  divided  under  three  heads — the  technical 
details,  tie  traffic,  and  the  purely  administrative — the  latter 
including  the  receipt  and  payment  of  money  and  the  preparation 
of  accounts.  When  many  employees  are  necessary  the  economy 
of  this  classification  is  very  great,  for  signalling  and  mere 
clerical  labour  are  very  much  cheaper  and  more  abundant  than 
electrical  and  mechanical  knowledge  and  skill,  and  very  few 
persons  are  sufficient  to  perform  the  purely  technical  duties  in 
the  same  town  or  office,  whereas  a  great  number  may  be  required 
to  perform  the  labour  under  the  other  two  heads — e.  g.,  in  the 
central  office  in  London  1200  signallers  are  employed,  to  insist 
on  electrical  knowledge  and  mechanical  skill  in  so  many  is  quite 
unnecessary;  the  technical  arrangements  are  in  the  hands  of  a 
very  few  highly  instructed  officers  and  skilled  mechanics,  the 
signallers  are  mere  clerks,  technical  knowledge  beyond  sig- 
nalling is  not  required  and  consequently  not  paid  for,  the 
economy  of  this  arrangement  is  obvious.  It  is  highly  desir- 
able that  the  officer  in  charge  of  an  office,  however  small,  should 
know  sufficient  to  at  once  remedy  any  defect  in  his  connections 
and  batteries,  and  understand  the  causes  and  nature  of  the  acci- 
dents to  which  the  apparatus  is  liable,  but  this  knowledge  cannot 
always  be  obtained ;  hence  in  some  cases  the  offices  in  large 
towns  are  in  charge'  of  clerks  entrusted  with  the  clerical  work 
only,  the  technical  arrangements  are  in  charge  of  a  separate 
staff,  and  in  case  of  derangement  or  any  defect  in  the  lines  or 
office,  the  clerk  in  charge  of  the  office  communicates  at  once 
with  the  office  of  the  engineer  either  by  wire  or  messenger. 
This  kind  of  arrangement  is  common  in  England,  but  it  is  only 
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practicable  when  there  are  many  offices  in  the  same  town,  and 
when  there  are  facilities  for  rapid  travelling.  When  the 
offices  are  distant  from  each  other  and  the  facilities  for  travelling 
rapidly  do  not  exist,  the  officers  entrusted  with  charge  of  the 
business  of  the  office  must  be  able  to  take  charge  of  the  technical 
details  also;  this  is  the  case  in  India.  There  no  one  is  entrusted 
with  charge  of  an  office  who  does  not  thoroughly  understand  the 
technical  details;  in  case  of  accident  to  the  lines  the  signallers 
are  competent  to  go  out  and  find  the  fault  by  cutting  in  on  the 
line;  several  of  the  telegraph  masters  (clerks  in  charge  of  offices) 
display  considerable  knowledge  and  skill  in  testing  the  lines 
periodically  and  localising  faults  from  the  office.  In  every  small 
office  having  only  two  clerks  the  second  clerk  is  competent  to 
take  charge  in  case  of  illness  of  the  first.  It  is  manifest  the 
system  used  necessarily  in  England  cannot  be  used  in  India, 
where  the  offices  are  commonly  a  hundred  miles  apart,  under 
these  circumstances  the  officer  in  charge  must  perform  the  whole 
duty  technical  and  otherwise  of  his  office,  and  as  he  may  be 
isolated  from  his  superior  officer,  he  must  be  not  only  well 
instructed  in  his  duties  but  intelligent;  hence  it  is  necessary 
to  educate  a  staff  for  the  purpose.  In  large  towns  in  most 
cases  a  class  may  be  employed  who  are 'content  to  forego  claims 
to  promotion,  higher  pay,  <fec,  on  condition  they  be  not  transferred 
and  not  required  to  study  technical  matters;  the  employment  of 
this  class  is  generally  economical,  and  is  therefore  common,  but 
as  already  explained  it  is  limited.  For  keeping  the  lines  in 
repair  an  establishment  of  engineers  and  foremen  must  be 
permanently  entertained  to  prepare  estimates,  supervise  work, 
make  periodical  inspections,  and  generally  perform  all  the 
superior  functions  essential  to  maintenance.  The  local  autho- 
rity already  referred  to  may  supply  engineering  knowledge, 
prepare  estimates,  periodically  inspect  lines,  and  superintend 
extensive  repairs;  the  labour  may  be  permanently  entertained 
or  employed  as  required.  "When  the  lines  are  thinly  spread 
over  a  vast  area,  as  in  India  and  Asia  generally,  where  work 
can  only  be  carried  on  for  five  or  six  months  in  the  year,  labour 
can  generally  be  obtained  as  required,  and  the  rate  of  travelling 
is  commonly  slow,  the  employment  of  labourers  in  large  numbers 
as  required  is  most  economical;  generally  many  of  the  same  men 
may  be  obtained  every  year,  particularly  if  the  sharpest  are 
somewhat  liberally  paid.  When  a  very  great  mileage  is  confined 
to  a  relatively  small  area,  well  furnished  with  facilities  for  rapid 
travelling,  and  work  can  be  carried  on  all  the  year  round,  a 
permanent  establishment  of  labour  is  more  economical;  this  is 
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particularly  the  case  in  large  towns  where  the  lines  are  con- 
structed in  various  ways,  skilled  mechanics,  as  carpenters, 
smiths,  &c,  being  required  to  repair  them.  For  restoring 
communication  accidentally  interrupted  some  men  must  be 
always  in  readiness  to  act  at  a  moment's  notice;  if  a  permanent 
patrol  establishment  of  workmen  be  entertained,  each  man  or 
gang  having  a  short  section  of  line  to  keep  in  repair,  this 
establishment  executes  urgent  repairs  on  receipt  of  informa- 
tion from  the  nearest  office;  in  large  towns  where  a  central 
permanent  establishment  is  entertained  this  establishment  may 
restore  communication.  In  India  one  or  more  men  are  attached 
to  each  office  according  to  the  number  of  lines,  facilities  for 
travelling,  &c,  and  fhis  is  the  plan  generally  indicated  when 
the  offices  are  very  far  distant  from  each  other;  in  the  latter 
case  labourers  are  engaged  near  the  site  of  the  work.  To  large 
offices,  such  as  those  of  London  and  Paris,  a  workshop  and 
skilled  mechanics  are  attached  for  executing  repairs,  cleaning 
instruments,  &c.  As  a  rule  the  less  instruments  are  interfered 
with  by  the  clerks  the  better,  for  this  reason  it  is  more  economi- 
cal to  allow  spare  instruments  in  large  offices,  than  suffer  the 
instruments  to  be  taken  to  pieces  by  unskilful  hands.  Cables 
when  numerous  are  usually  kept  in  repair  by  a  separate  estab- 
lishment. 


Section  III. — Hints  on  Camping,  Labour,  &c. 

465.  The  following  hints  apply  more  particularly  to  India,  but 
are  more  or  less  applicable  to  other  countries,  especially  such 
as  resemble  India  in  the  nature  of  their  communications,  the 
inferior  civilisation  of  their  inhabitants,  &c.  For  telegraph 
work  tents  should  be  light  and  portable ;  heavy  tents,  difficult 
to  pitch,  are  inadmissible,  as  they  have  to  be  moved  frequently. 
Single  pole  tents  are  proportionally  lighter  than  other  forms,  as 
will  appear  on  calculating  the  superficial  area  of  cloth  in  each 
case;  the  single  pole  tent  is  less  liable  to  fall,  and  if  well  made 
and  well  pitched  it  will  stand  any  storm,  if  it  has  not  verandahs 
or  other  cloth  arranged  so  as  to  catch  the  wind.  The  commonest 
tent  in  India  is  the  hill  tent,  a  square  plan  tent;  it  is  more  con- 
venient than  a  circular  tent,  but  in  the  latter  the  strain  is  more 
equally  distributed,  and  this  form  is  more  easily  pitched  cor- 
rectly. A  tent  should  be  simple  in  form,  and  the  pegs  should 
be  placed  regularly — i.e.,  at  equal  distances  from  each  other  and 
from  the  pole.     In  pitching  it  is  better  to  put  all  the  pegs  in 
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first  by  means  of  a  simple  measuring  cord,  and  raise  the  pole  and 
cloth  afterwards.  For  servants  and  labourers  the  bell  tent  is 
probably  the  best  form,  as  although  less  commodious  it  cannot 
be  badly  pitched,  and  is  far  less  likely  to  be  damaged  by  -wind 
than  the  rectangular  plan  tent  (or  p&C).  In  the  Indian  army  the 
pal  tent  is  used,  in  the  English  army  the  bell  tent ;  the  latter 
appears  in  actual  use  more  economical,  although  less  so  in  first 
cost.  In  a  tropical  country  a  tent  requires  to  be  open  on  all  four 
sides  by  windows*  or  doors,  or  it  may  be  lifted  up  from  the 
bottom.  Tents  for  use  by  Europeans  in  tropical  climates  must 
have  double  roofs,  or  they  may  be  pitched  under  trees.  In 
Australia  a  tent  of  calico  is  sometimes  used  weighing  only 
40  lbs.  The  best  material  for  tents  is  unbleached  cotton ; 
canvas  is  very  unsuitable  for  use  in  India,  as  it  rots  very 
rapidly ;  a  good  cotton  tent  will  last  four  times  as  long  as  a 
canvas  one.  Tent  ropes  should  be  of  cotton,  if  of  hemp  they 
shrink  when  it  rains  and  draw  out  the  pegs ;  if  hempen  ropes 
be  used  they  must  not  be  drawn  taut.  If  bad  weather  be 
expected  the  pegs  should  be  tightened  and  the  principal  ropes 
re-tied.  A  high  dry  spot  not  far  from  water  is  the  healthiest, 
but  if  working  in  hot  weather  or  during  the  monsoons,  sheltered 
camping  ground  must  be  found  if  possible ;  trees,  banks,  hills, 
&c,  break  the  force  of  the  wind.  The  camp  should  be  spread, 
and  fires  and  cooking  tents  should  be  kept  at  some  distance  from 
the  principal  tents.  The  best  plan  is  to  have  one  single  pole 
double-roofed  tent  and  one  light  single  tent,  the  latter  can  be 
sent  in  advance,  or  used  when  transport  is  scarce  or  slaw  and 
the  heavy  tent  cannot  be  brought  up;  the  light  tent  may  be 
used  to  sleep  in,  and  during  the  morning  ©r  after  the  sun  has 
gone  down.  It  is  better  to  camp  near  a  village  than  go  into  the 
village  or  permit  the  men  to  stay  in  the  village  ;  in  camp  the 
men  are  more  punctual  and  less  liable  to  contract  epidemic 
disease.  Camp  furniture  should  be  simple ;  it  is  not  required  to 
pack  very  small,  but  must  pack  in  a  form  which  will  resist 
rough  usage ;  complicated  articles  should  be  avoided.  Clothing 
should  be  packed  in  tin  boxes. 

466.  If  work  has  to  be  carried  on  for  several  months  it  is 
cheaper  to  buy  bullocks  and  drays  than  hire  them,  but  it  is  more 
troublesome.  If  many  carts  be  used,  and  the  wheels  are  badly 
made  and  undished,  an  extra  pair  of  wheels  should  be  carried. 
If  the  axles  are  of  wood,  spare  axles  should  be  carried.  In 
Bengal  bullocks  are  frequently  galled  badly,  this  is  not  the  case 
in  Madras ;  the  explanation  appears  to  be  that  in  the  latter  case 
the  yoke  is  not  rigidly  fixed  to  the  pole,  but  has  considerable 
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play  in  every  plane ;  this  play  should  always  be  allowed,  and  the 
yoke  should  be  smooth,  but  not  padded.  Bullocks,  horses,  and 
other  ordinary  draught  animals  should  be  struck  with  a  whip, 
never  with  a  rigid  stick,  particularly  over  bony  parts.  An 
obstinate  bullock  which  lies  down  may  be  made  to  rise  by 
holding  its  mouth  and  nostrils,  but  such  animals  are  worthless 
for  draught.  To  try  a  bullock  drive  him  with  a  light  load  in  a 
cart  with  the  wheels  tied,  if  obstinate  he  will  lie  down.  When 
roads  are  very  bad  a  train  of  carts  should  be  accompanied  by 
extra  men  with  tools.  Pack  bullocks  do  not  wear  a  pack 
saddle;  they  have  simply  pads,  horses  should  have  a  pack 
saddle,  in  any  case  ffhe  animal  cannot  work  if  part  of  the  load 
is  borne  on  the  backbone.  Bullocks  are  used  in  India,  Aus- 
tralia, and  the  Cape  of  Good  Hope;  they  are  the  most  economical 
draught  animals  for  long  journeys.  In  a  warm  climate  a  horse 
should  have  a  small  saddle  and  saddle-cloth,  no  unnecessary 
straps,  saddle-bags  should  be  avoided,  and  even  a  revolver  should 
be  carried  on  the  person  of  the  rider  rather  than  attached  to  the 
saddle.  In  employing  lightly-built  boats  and  canoes,  the  weight 
of  the  cargo  should  be  distributed  by  battens,  branches,  or  other 
means;  a  full  cargo  should  not  as  a  rule  be  permitted. 

467.  It  is  of  great  importance  to  establish  a  good  understanding 
with  labourers  of  the  country  through  which  the  line  passes,  as 
without  this  there  is  great  difficulty  in  getting  labour.  All  men 
employed  should  be  discharged  quite  satisfied.  The  officer  in 
charge  of  the  work  should,  by  seeing  the  men  paid,  or  paying 
them  himself,  by  hearing  their  complaints  patiently,  and  by 
putting  down  sharply  any  attempts  at  oppression  by  his  sub- 
ordinates, inspire  confidence  in  himself.  In  general  in  India  the 
people  are  very  suspicious,  easily  deceived  by  one  another,  and 
if  they  are  dissatisfied  they  go  away,  frequently  without  com- 
plaining, to  spread  discontent.  Some  races  supply  honester  and 
better  labourers  than  others ;  from  some  races,  if  well  treated, 
the  most  liberal  service  may  be  obtained  for  ordinary  remune- 
ration, and  this  even  from  the  common  labourers ;  labourers 
often  of  other  races  seem  to  be  exercising  their  intelligence 
either  to  avoid  giving  an  equivalent  for  their  salary,  or  to 
get  advances  with  which  to  abscond.  Care  should  be  taken  to 
find  out  the  class  which  furnishes  the  best  labourers.  In  most 
cases  work  has  to  be  commenced  by  making  advances,  and  risk 
on  this  account  cannot  be  avoided  when  commencing  work  to 
last  several  months.  When  a  large  number  of  men  are  required, 
and  they  require  to  be  paid  in  advance,  if  they  are  an  untrust- 
worthy class  the  difficulty  can  often  be  got  over  by  paying  daily 
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for  the  day's  work;  this  plan  should  as  a  rule  be'adopted  when 
villagers  are  required  to  cut  jungle,  the  same  men  do  not  work 
every  day,  but  by  this  means  a  full  supply  of  labour  may  often 
be  obtained  for  months  when  other  means  fail.  Men  employed 
for  several  months,  and  paid  by  the  month,  must  usually  be  paid 
higher  than  men  employed  on  railways  and  other  works  not 
requiring  the  men  to  travel ;  telegraph  construction  and  repairs 
is  also  harder  work.  Extra  work  should  be  paid  for  by  a  pre- 
sent (?),  an  excellent  effect  is  produced  by  a  small  extra  payment. 
If  a  man  is  punished  by  fine  or  dismissal,  it  should  be  done  in 
the  most  public  manner,  and  the  other  men  should  be  made  to 
admit  the  justice  of  the  sentence,  otherwise  the  culprit  will 
spread  a  false  report.  As  a  rule,  stoppages  of  pay  should  be 
avoided  if  possible,  as  there  is  commonly  a  suspicion  that  the 
officer  who  is  ready  to  stop  pay  does  it  for  his  own  profit.  Not 
only  must  the  men  be  treated  with  justice,  but  it  is  necessary 
they  should  be  made  to  see  and  acknowledge  this  to  allay  their 
suspicions ;  a  little  well-timed  liberality  is  sometimes  a  source  of 
great  economy.  If  with  fair  treatment  the  men  are  difficult  to 
deal  with,  this  is  probably  due  to  some  one  amongst  them,  who 
should  be  found  out  and  got  rid  of  as  soon  as  possible;  firmness 
is  absolutely  essential,  and  the  officer  in  charge  must  ensure  that 
his  authority  is  respected,  and  is  the  only  authority  acknowledged. 
To  obtain  punctuality  is,  as  a  rule,  impossible,  the  nearest  obtain- 
able approach  to  it  may  be  got,  and  then  the  clock  or  gong  set 
accordingly,  thus,  if  the  men  assemble  half  an  hour  late,  they 
must  be  dismissed  half  an  hour  late.  The  most  serious  occur- 
rence is  the  appearance  of  sickness  in  a  large  camp,  if  epidemic  it 
causes  panic,  and,  as  a  rule,  it  is  better  to  leave  the  work  and 
commence  the  construction  again  at  another  place;  it  is  useless 
attempting  to  carry  on  work,  for  as  soon  as  several  deaths  have 
occurred  the  men  become  frightened  and  abscond;  it  is  hence 
better  to  strike  camp  and  move  at  once.  The  following  are  the 
commonest  measures  to  guard  against  disease : — Carry  a  supply 
of  medicines  for  the  principal  diseases  of  the  country,  let  men  be 
attended  to  as  soon  as  sick ;  in  cold  weather  when  engaging 
the  men,  give  them  each  a  blanket  as  part  of  their  wages, 
to  be  returned  if  they  leave  within  a  short  period ;  allow 
them  time  to  get  straw  for  bedding  whenever  obtainable,  make 
them  pitch  their  tents  instead  of  sleeping  under  trees,  never 
allow  men  to  work  in  the  morning  before  eating,  and  as  soon 
as  any  disease  breaks  out  see  if  it  is  not  due  to  unwhole- 
some food  particularly  new  rice,  and  strictly  forbid  the  use  of 
such.     Men  who  fall  sick  far  from  home  cannot  be  neglected 
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on  the  road,  and  their  pay  cannot  always  be  stopped ;  men  who 
have  worked  well  and  are  ill  a  day  or  two  may  be  paid  in  full ; 
in  general  pay  should  be  reduced  in  case  of  illness,  and  sickly 
men  should  be  dismissed  as  soon  as  practicable.  Work  should 
be  carried  on  during  the  cold  season  only — viz.,  from  October  to 
March ;  if  carried  on  during  the  hot  weather  or  rains  the  cost  of 
labour  is  greatly  increased,  as  the  task  of  each  man  must  be 
reduced  and  sickness  cannot  be  avoided.  It  is  both  humane  and 
economical  to  confine  work  as  much  as  possible  to  the  proper 
season.  Besides  the  ordinary  tools  in  general  use,  a  box  of  tools 
for  emergencies,  and  for  mending  carts  and  tents,  making  ladders, 
&c,  should  be  carried,  such  as  an  extra  light  tackle,  rope,  large 
files,  hand  saw,  screw  spanner,  mortise  chisels,  measuring  tape, 
wire  gauge,  &c. ;  these  tools  are  issued  as  required,  and  returned 
to  the  box  as  soon  as  done  with,  they  are  therefore  always  ready 
for  any  emergency,  and  much  time  and  inconvenience  is  some 
times  saved  by  this  means. 


APPENDIX  I. 

LINE  WIRES. 

Sizes  and  Qualities  Used  ;  Dip  ;  Tension  ;  Joints,  &c. 

The  dip  of  a  wire  is  frequently  stated  as  a  fraction  of  the  span ;  but  as  the 
dip  varies  as  the  square  of  the  span,  this  fraction  when  given  applies  to  only 
one  particular  span.  The  highest  value  this  fraction  can  have  in  practice  is 
one-third.  If  C  be  the  ratio  between  the  dip  and  span,  Ca  will  be  the  dip, 
and  from  equation  7,  page  98 — 


°-Si+aOr),+  te 


The  first  term  of  the  series  is  sufficient  for  ordinary  purposes.  «■  is  the 
weight  of  a  unit  of  length  of  the  wire,  and  T  is  the  tension  at  the  lowest 
point;  as  these  bear  a  fixed  relation  to  each  other  for  the  same  material  and 

factor  of  safety,  the  quantity  S!=  is  a  constant.     If,  therefore,  this  value  be 

calculated  for  a  particular  wire,  it  will  apply  to  wire  of  any  size  of  the  same 
material,  the  same  factor  of  safety  being  used.  No.  11  B.W.Gr.  diameter 
•12  inch,  tenacity  25-9  tons  per  square  inch =697  lbs.,  factor  of  safety  4, 

weight  of  one  yard  -1136  lb. ;    *  =C1  =  n  '"'l6„  =  -00008148.     Fora  span 

8x174  25 

of  100  yards  C=  -ssr=  '008148,  the  fraction  the  dip  is  of  the  span ;  and  the 
oJ. 

dip  Ca=— ^  =  -8148  yard,=2  feet  5'3  inches.     It  is  merely  necessary  to 

multiply  the  constant  C1  by  the  square  of  the  span  to  obtain  the  dip.  If 
3  be  used  as  factor  of  safety,  the  constant  C1  is  -00005807.  It  should  be 
remarked  that  the  tension  T  is  that  at  the  lowest  point,  but  the  correction 
is  readily  made,  when  necessary,  by  deduction  from  the  tension.  Under 
ordinary  circumstances  this  is  not  necessary— e. g.,  in  the  example  marked 
out  above,  the  error  in  tension  is  -09  lb.  only.  If  the  constant  C  and  the 
span  a  be  known,  the  corresponding  tension  T  may  be  calculated.  It  is 
stated  that  the  tension  on  the  wires  in  England  is  one-third  their  tenacity, 
and  the  dip  allowed  is  24  inches  in  100  yards  span  at  60°  F. ;  this  is  said  to 
be  (Preece  and  Sievewright)  "the  standard  by  which  all  wires  are  rem- 
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lated."  Applying  the  formula,  the  tenacity  stated  by  the  authors  for  No. 
11  wire  being  650  lbs.,  -00006  =  —-.  •.T  =  2131bs.,  or  3§  lbs.  less  than  one- 
third  the  ultimate  tenacity.  This  tension  is  excessive.  Other  authors 
(Messrs.  Clark  and  Sabine)  state  the  dip  to  be  1-5  foot  in  240  feet  span, 
in  mild  weather;  the  factor  of  safety  in  this  case  is  about  4.  In  Australia 
the  dip  specified  is  not  less  than  14,  nor  more  than  20  inches,  in  a  span 
of  88  yards.  -00005807  x  882  =  16"177  inches,  hence  the  mean  dip  specified 
corresponds  to  about  3  as  factor  of  safety.  In  neither  of  the  cases  in  which 
the  factor  of  safety  is  so  low  as  3  is  the  tension  actually  measured,  and  it  is 
probable  a  higher  factor  is  actually  used  in  practice.  In  India  the  lowest 
factor  employed  is  4.  On  the  continent  of  Europe  4  is  the  lowest  factor 
admitted,  but  a  higher  is  generally  used.  In  Italy  and  Switzerland  the  dip 
allowed  is  1  per  cent,  of  the  span,  the  spans  being  70  metres  (229-6  feet) 
and  60  metres  (196-8  feet)  respectively.  In  both  cases  the  factor  of  safety  is 
above  6.  In  the  second  case  the  specified  tenacity  is  about  25  tons  per  square 
inch,  hence  the  factor  of  safety  is  7.  On  the  Italian  lines  rather  less  dip  is 
allowed  to  thin  wire.  In  Belgium  the  factor  prescribed  is  at  least  6 ; 
but  in  no  case  is  it  to  fall  to  less  than  4,  even  by  accident,  when  this  possi- 
bility is  foreseen.  On  the  French  railway  telegraphs  the  tension  is  not 
permitted  to  exceed  6  kilometres  per  square  millimetre ;  the  factor  of  safety 
is  about  6-5.  Iu  this  case  the  tension  is  actually  measured  with  a  dyna- 
mometer. A  considerable  dip  is  inconvenient  when  the  wires  are  numerous, 
because  it  renders  greater  care  necessary  to  prevent  contacts.  The  only 
advantages  of  a  slight  dip  on  a  line  of  few  wires  are,  the  additional  height, 
and  the  improved  appearance.  The  disadvantage  is  very  great,  and  consists 
in  the  additional  stress  imposed  on  the  wire,  insulators,  and  poles. 

Wire  is  generally  galvanised,  but  in  some  cases  plain  wire  is  used.  In 
Austria  plain  wire  is  used  exclusively;  it  is  preferred  because  it  is  cheaper 
and  stronger.  The  difference  in  price  is  30  per  cent. ,  or  more.  The  relative 
weakness  of  the  galvanised  wire  is  probably  exceptional  in  the  case  of  the 
Austrian  wire,  as  the  tenacity  specified  for  the  plain  wire  is  exceptionally 
high.  In  Holland  galvanised  wire  is  generally  used,  but  plain  wire  is 
employed  for  long  spans,  because  it  is  stronger.  In  Belgium  the  Nos.  8 
and  11  are  galvanised,  No.  6  is  used  plain. 

All  administrations  do  not  use  the  same  high  quality  of  wire,  nor  does 
each  insist  on  the  same  extreme  softness.  Probably  the  tenacity  specified 
by  the  East  India  Government  Telegraph  Department  is  as  high  as  attainable 
in  soft  wire  (25 -9  tons  per  square  inch).  The  Belgian  specification  requires 
25-4  tons,  the  Italian  24-76  tons,  the  Dutch  30-285  tons ;  Blavier  states 
25  tons.  The  Swiss  specification  requires  about  25  tons ;  for  4  millimetre 
wire  it  is  25  "38,  and  for  3  millimetre  and  5  millimetre  3  and  2  per  cent  less 
respectively.  The  Austrian  specification  requires  39-4  tons.  The  last 
specification  requires  the  wire  to  be  annealed  and  supple ;  the  high  tenacity 
renders  it  probable  the  material  is  homogeneous  metal. 

The  smallest  size  used  for  line  wires  in  Europe  is  3  millimetres  diameter, 
or  approximately  No.  11  B.W.G.;  this  is  used  for  short  lines,  &c.  In 
Austria  this  size  is  used  when  the  soil  is  bad,  or  the  wires  numerous ;  and 
it  is  used  for  short  lines  in  Belgium,  Norway,  Switzerland,  and  England. 
No.  9  is  the  standard  size  in  America;  No.  S  is  used,  but  much  lesB 
generally ;  and  No.  6  is  used  exceptionally,  as  over  the  Sierra  Nevada 
mountains,  and  through  some  wooded  country  on  the  Pacific  Coast.  In 
Norway  No.  8  is  the  only  wire  used  for  new  lines,  while  in  England  it  is 
used  for  all  short  circuits  of  minor  importance.  No.  8  B.W.G.  is  largely 
employed  in  Europe,  being  used  in  Austria,  Germany,  Belgium,  Norway, 
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Holland,  Switzerland,  Turkey,  England,  &c.  No.  6  B.  YV.G.  is  used  in 
Europe  for  long  circuits,  particularly  on  international  lines,  and  is  the 
largest  wire  used  generally.  Some  No.  4  is  used  in  Turkey;  and  although 
No.  8  is  the  size  adopted  generally  in  England  for  all  through  circuits, 
No.  4  is  employed  for  very  long  circuits,  or  under  other  exceptional  circum- 
stanees.  In  Australia  Nos.  8  and  10  are  used  for  short  circuits,  and  No.  6 
for  circuits  from  300  to  500  miles. 

The  distances  between  wires  on  the  same  pole  differ.  In  Belgium  the 
distance  is  0-5  metre  (23'6  inches),  reduced  to  0 '5  metre  (197  inches),  or 
0 '4  metre  (15'75  inches)  over  paths  or  roads.  In  Denmark  the  insulators 
on  the  same  side  of  the  pole  are  40  centimetres  (1575  inches)  apart.  In 
France  normally  0'5  metre  (197  inches)  for  4  millimetre  (No.  8)  wire,  the 
distance  being  actually  measured.  In  India  the  practice  of  placing  the 
insulators  in  pairs  on  the  same  level  is  being  discontinued,  and  the  arrange- 
ment shewn  in  Fig.  79  is  being  adopted;  the  vertical  distance  between 
alternate  insulators  (Fig.  79)  is  6  inches.  In  England  the  vertical  distance 
is  12  inches,  the  horizontal  16  inches.  In  Norway  insulator  arms  alternate, 
so  that  wires  are  30  centimetres  (11  "8  inches)  apart  vertically,  and  60  centi- 
metres (23*6  inches)  on  the  same  side  of  the  pole.  In  Holland  the  minimum 
distance  is  30  centimetres  (11  "8  inches).  In  Switzerland  the  vertical  dis- 
tance on  the  same  side  of  the  pole  is  45  centimetres  (17*7  inches)  to  1  metre 
(39-4  inches). 

In  Italy  care  is  taken  to  make  the  joints  near  the  poles,  for  facility  of 
inspection,  and  to  prevent  contacts.  In  England  joints  are  kept  within 
12  feet  of  the  pole  (Preece  and  Sievewright),  to  prevent  the  joint  hooks 
catching  the  other  wires.  These  precautions  are  troublesome  to  take,  and 
not  necessary,  if  the  joints  be  well  made  and  long  hooks  be  not  left  projecting. 
On  the  North-Western  Compauy 's  line  (IT.  S. )  the  joints  are  not  generally 
soldered;  but  in  cities  where  the  wires  are  liable  to  corrosion  by  sulphurous 
acid  from  coal  smoke,  the  joints  are  examined  and  soldered  when  they  begin 
to  shew  abnormal  resistance.  In  Europe  joints  are  soldered,  the  practice  of 
omitting  the  soldering  having  been  tried  in  some  instances  and  given  up. 
The  Britannia  and  the  twisted  joints  are  generally  used,  the  former  for 
thick,  the  latter  for  thin  wire.  In  Belgium,  when  the  twisted  joint  is  used 
in  ungalvanised  wire,  it  is  not  only  soldered,  but  a  thin  copper  wire  is 
twisted  two  or  three  times  round  the  joint,  and  soldered  to  the  line  wire  on 
each  side ;  this  ensures  metallic  contact,  even  if  the  solder  of  the  joint 
cracks.  The  following  different  joints  have  been  or  are  used.  In  the 
Bavarian  joint  the  wires  are  twisted  together  for  3  inches,  the  free  ends 
bound,  bent  at  right  angles,  and  cut  off.  On  the  Indian  lines  tubes  were 
used  in  which  the  strength  of  the  joint  depended  on  the  solder,  and  electri- 
cally bad  joints  would  be  mechanically  bad  also ;  the  joint  did  not  answer, 
and  its  use  was  abandoned.  On  the  French  and  Swiss  lines  the  thick  wires 
are  joined  by  tubes  instead  of  by  binding  wire;  but  the  thin  wire  on  the 
Swiss  lines  is  joined  by  the  ends  of  the  wire  being  put  through  holes  in  a 
small  brass  cylinder,  and  fixed  by  a  steel-pointed  screw,  screwed  in  between 
the  wires,  and  at  right  angles  to  them.  A  joint  on  a  similar  principle  is 
used  for  American  compound  wire ;  the  ends  of  the  wires  are  placed  in  a 
tube  of  suitable  shape,  a  rivet  is  driven  between  them  to  bend  them  in  the 
tube,  and  solder  is  then  used  to  ensure  contact.  With  this  joint,  or  any 
soft-soldered  joint,  the  American  compound  wire  is  said  to  become  granular 
in  texture,  and  ultimately  to  break.  Mr.  C.  H.  Haskins,  North- Western 
Company,  U.S.A.,  uses  what  he  calls  a  spring  joint  in  compound  wire.  In 
this  joint  the  two  wires  are  twisted  each  six  or  eight  times  round  the  other, 
the  free  end  of  each  wire  is  then  brought  back  and  twisted  round  its  own 
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wire,  when  the  stress  is  put  on  the  several  coils  close  somewhat  together. 
This  joint  transmits  vibrations  better  than  a  Bhorter  and  more  rigid  one, 
and  hence  is  stronger.  Mr.  Haskins  joins  an  iron  and  a  compound  wire 
together  at  river  crossings  by  a  joint  on  a  similar  principle ;  the  compound 
wire  is  first  twisted  round  the  iron  wire,  the  iron  wire  is  then  bent  into  an 
eye  enclosing  the  first  joint,  and  is  twisted  round  itself  and  the  end  cut  off, 
the  free  end  of  the  compound  wire  is  then  again  twisted  round  the  iron 
wire  outside  the  eye  on  the  latter.  The  idea  involved  in  the  spring  joint  is 
the  same  as  in  the  splice  devised  by  Sir  W.  Thomson  for  his  wire-sounding 
line.  The  joint  generally  used  weakens  the  line:  a  more  flexible  joint  would 
be  a  great  improvement,  particularly  in  long  spans.  Compound  wire  has  not 
been  favourably  reported  on  in  England ;  it  has  been  tried  in  India  with 
unsatisfactory  results,  but  is  still  under  trial  in  both  countries.  The  idea 
of  making  a  wire  hajpng  a  greater  conductivity  and  tenacity  with  less 
weight,  as  compared  with  iron  wire,  is  an  excellent  one ;  but  the  com- 
pound wire  will  not  bear  bending;  if  bent  it  has  been  found  to  rust  in  conse- 
quence of  its  heterogeneity.  Compound  wire  is  used  by  the  North- Western 
Company  (U.S.A.)  for  river  crossings;  but  in  Europe  and  in  India,  iron, 
homogeneous  metal,  and  steel,  are  used.  The  modulus  of  tenacity  of  steel 
wire  supplied  to  the  Indian  Government  Telegraph  Department  is  as  high 
as  114  miles. 

The  use  of  platinum  faced  discs  and  screws  (p.  343)  has  been  discontinued 
in  India.  They  were  found  liable  to  get  dirty  and  be  left  loose  or  open.  A 
thin  wire  is  now  used  to  bridge  over  the  solution  of  continuity  at  testing 
insulators,  testing  balls,  &c. ;  this  wire  is  soldered  to  the  line  wire,  and  if 
the  lines  are  to  be  disconnected,  the  wire  is  cut  and  afterwards  resoldered. 
It  was  also  found  that  copper  wire,  used  for  the  above  purpose,  got  brittle 
in  time,  and  was  then  liable  to  rupture  ;  only  iron  wire  is  now  employed. 

It  is  stated  (Preece  and  Sievewright)  that  for  very  long  spans  a  wire 
varying  in  diameter  is  employed,  the  smallest  section  being  placed  in  the 
centre  of  the  span.  This,  although  theoretically  correct,  would  be  trouble- 
some in  practice;  and  although  it  may  be  done  in  England,  it  is  seldom  if 
ever  applied  elsewhere.  The  longest  spans  likely  to  be  required  may  be 
made  of  steel  wire  (the  modulus  of  tenacity  of  which  may  exceed  11  miles), 
with  great  practical  advantage,  particularly  in  the  case  of  repairing  the 
span,  if  thrown  down,  and  part  or  all  of  the  wire  lost.  The  gain  by  varying 
the  diameter  of  the  wire  would  be  greatest  when  not  only  the  span,  but  the 
dip  also,  is  a  maximum ;  in  such  extreme  cases  there  is  no  difficulty  in 
obtaining  wire  of  sufficient  tenacity,  the  difficulty  is  to  insulate  the  wire. 


APPENDIX  II. 

WIRE  GAUGES  (pp.  234,  296). 

The  following  table  exhibits  the  relation  between  the  Indian  and  Birming- 
ham gauges.  The  former  applies  to  iron  wire  only,  the  latter,  being  based 
on  the  diameter,  applies  to  all  wires.  The  table  is  calculated  on  the  follow- 
ing data :— A  rod  1  inch  diameter  and  1  mile  long  weighs  13,833-6  lbs.,  i.e., 
a  cubic  foot  weighs  about  481-3  lbs.  The  modulus  of  tenacity  is  taken  as 
about  3£  miles,  equal  to  25 -9  tons  on  the  square  inch. 
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Gauge. 

Weight  in  lbs. 

PES 

Diameter 

inISoo 

Area  of 
Section 

Breaking 
Strain 

B.W.G. 

(approx- 

No. 

Mile. 

Yard. 

Foot. 

Inches. 

10,000  * 
Inches. 

in  Lbs. 

imate.) 

I 

25 

.OI42 

.0047 

42 

14 

83 

19 

2 

50 

.0284 

.0095 

60 

28 

I67 

17 

3 

75 

.0426 

.0142 

75 

43 

250 

15 

4 

100 

.0568 

.0149 

85 

57 

333 

14 

S 

125 

.0710 

.0237 

95 

7i 

417 

'3  ' 

6 

150 

.0852 

.0284 

104 

85 

500 

7 

175 

.0994 

■033I 

112 

99 

583 

12 

S 

200 

.1136 

■0379 

120 

114 

697 

11 

9 

225 

.1278 

.0426 

127 

128 

75o 

IO 

250 

.1420 

•°473 

134 

142 

833 

II 

275 

.1562 

.0521 

140 

156 

917 

IO 

12 

300 

■1705 

.0568 

147 

170 

1000 

13 

325 

.1847 

.0616 

153 

184 

1083 

9 

14 

35° 

.1989 

.0663 

159 

198 

1 167 

i5 

375 

.2131 

.0710 

166 

213 

1250 

16 

400 

.2273 

.0758 

170 

227 

•333 

"8 

17 

425 

.2415 

.0805 

175 

241 

1417 

18 

450 

■2557 

.0852 

180 

255 

1500 

19 

475 

.2699 

.0900 

185 

270 

1583 

7 

20 

500 

.2841 

.0947 

190 

284 

1667 

21 

525 

.2983 

.0994 

195 

298 

175° 

... 

22 

550 

■3125 

.IO42 

200 

312 

1833 

6 

23 

575 

.3267 

.1089 

204 

326 

1917 

24 

600  , 

•3409 

.1136 

208 

341 

2000 

25 

625 

■3551 

.1184 

212 

355 

2083 

26 

650 

•3693 

.1231 

217 

369 

2167 

27 

675 

•3835 

.1278 

221 

383 

2250 

5 

28 

700 

■3977 

.1326 

225 

397 

2333 

29 

725 

.4119 

•1373 

229 

412 

2417 

3° 

75° 

.4261 

.1420 

233 

426 

2500 

3i 

775 

■4403 

.  1468 

237 

440 

.2583 

32 

800 

■4545 

•IS'5 

240 

454 

2667 

4 

33 

825 

.4687 

.1562 

244 

468 

2750 

34 

850 

.4830 

.1610 

248 

483 

2833 

35 

875 

.4972 

.1657 

251 

497 

2917 

36 

900 

.5114 

.1704 

2ss 

5" 

3000 

37 

925 

.5256 

•1752 

258 

525 

3°83 

38 

95° 

.5398 

.1799 

262 

539 

3167 

3 

39 

975 

•  5540 

.1846 

265 

554 

3256 

40 

1000 

.5682 

.1894 

269 

568 

3333 

41 

1025 

.5824 

.1941 

272 

582 

3417 

42 

1050 

•5966 

.1989 

275 

596 

3500 

43 

io75 

.6108 

.2036 

279 

610 

3583 

2 

44 

1 100 

.6252 

.2083 

282 

624 

3667 

45 

1 125 

■6394 

.2131 

285 

639 

375o 

46 

1 150 

.6536 

.2178 

289 

653 

3833 

47 

"75 

.6678 

.2225 

291 

667 

3917 

48 

1200 

.6820 

.2273 

294 

681 

4000 

49 

1225 

.6962 

.2320 

297 

695 

4083 

5° 

1250 

.7104 

.2367 

300 

710 

4167 

1 

Number  B.W.G. 

Inch. 

Approximate. 

0-197 

6* 

0-177 

7 

0-157 

S* 

0-138 

10 
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In  the  preceding  article  (Appendix  I.)  the  approximate  numbers  of  the 
Birmingham  gauge  were  given  for  convenience;  but  on  the  continent  of 
Europe  there  is  a  general  objection  to  the  use  of  any  arbitrary  gauge,  and  the 
diameter  of  the  wire  is  stated  in  millimetres.  The  sizes  used  for  line  wires 
and  their  approximate  numbers  on  the  Birmingham  gauge  are  as  follows : — 

Diameter  in 
Millimetres. 
5 

4-5 
4 

3-5 
3  0118  11* 

Four  millimetre  wirj  is  considered  the  standard  wire.  In  France  reduced 
circuits  and  insulation  resistances  are  stated  in  terms  of  the  resistance  of  1 
kilometre  of  this  wire.  In  India!  mile  of  No.  1  B.  W.G.,  or  No.  50  Indian 
gauge  is  the  unit  used  for  expressing  the  length  of  reduced  circuits.  The 
reduced  circuit  so  expressed  is  termed  the  "modulus"  of  the  line  wire. 
This  term  modulus  in  this  sense  appears  inferior  to  the  older  term,  reduced 
circuit. 

The  Indian  gauge  proceeds  by  smaller  differences  than  the  Birmingham 
gauge,  particularly  in  the  larger  sizes.  So  many  different  sizes  are  not 
required,  but  in  practice  the  sizes  used  weigh  900,  750,  600,  300,  150,  and 
751bs.  per  mile,  all  these  numbers  being  multiples  of  75. 

The  practical  advantages  of  the  Indian  gauge  will  be  seen  from,  the  follow- 
ing formulae,  n  being  the  number  of  the  wire  : — 

I.  Weight  per  mile,  ....     =25nl\>s. 

II.  Diameter, =^  inches  nearly. 

III.  Sectional  area =  --...  square  inches  nearly, 

ttt    m  -j.  WOO     11. 

IV.  Tenacity, =-     nlba. 

V.  Working  load,  factor  of  safety  4,  .     =21»  lbs.  nearly. 

VI.  Stress  on  an  Angle  insulator,  <p  being  (  .    <p  ,, 

the  supplement  of  the  angle  contained  1  ~^n  sm  2       ' 

by  the  wire    the  stress  on  the  wire  1  =21     J2(l-cos»). 

being  its  full  working  load,     .         .  [  **    v  r' 

I-TT    ,  *  89'6      -i 

V 11.  1  ton  measures ——  miles, 

85 
Or,  allowing  for  waste,  &c,  pays  out  --    miles. 

4-48     ., 
1  cwt.  measures         .......      —  miles. 

n 

4-25 
Or,  allowing  for  waste,  &c,  pays  out         .        .        .      - —  miles. 

n 

The  electrical  conductivity  of  a  wire  varying  directly  as  its  weight  per  unit 
of  length,  the  calculation  of  a  reduced  circuit  is  much  simpler  with  the 
Indian  gauge  than  with  the  Birmingham  gauge.  The  Indian  gauge  table 
and  formulae  are  abstracted  from  official  instructions  issued  to  the  Indian 
Department. 

*  These  sizes  are  used  very  generally 
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LINE  INSULATOKS  (p.  339). 

Glass  is  the  material  generally  used  for  insulators  in  America.  It  is  much 
cheaper  than  porcelain,  and  being  homogeneous  abrasion  of  its  surface  does 
not  expose  a  porous  interior.  The  highest  quality  of  porcelain  used  for 
insulators,  as  compared  with  glass,  has  not  the  great  superiority  in  strength 
a  less  vitrified  porcelain  would  have ;  it  is  much  dearer  than  glass  ;  it  is 
vitrified  throughout,  and  any  degree  of  vitrifaction  may  be  attained  by 
varying  the  ingredients;  but  a  high  degree  increases  the  cost,  as  the  highly 
vitrified  material  softens  in  the  kiln,  and  many  insulators  are  spoiled  by 
distortion.  The  deposition  of  moisture  is  probably  as  great  on  highly 
vitrified  porcelain  as  on  glass,  and  evidently  the  higher  the  degree  of  vitri- 
faction the  nearer  the  porcelain  approaches  glass  in  its  mechanical  properties. 
Toughened  glass,  the  recent  invention  of  M.  Bastie,  appears  to  be  a  material 
likely  to  prove  of  the  greatest  value  for  insulators.  It  appears  probable 
insulators  of  toughened  glass  would  be  stronger  and  cheaper  than  those  of 
fine  porcelain,  and  as  the  glass  could  be  used  thinner  than  porcelain  it  might 
be  worked  into  shapes  deeper,  narrower,  and  having  more  cups,  than  the 
patterns  now  made  of  porcelain.  The  form  of  the  American  glass  insulator 
is  a  single  bell,  somewhat  flat  in  shape  and  thick;  the  total  length  of  the 
glass  outside  is  about  3-75  inches,  width  of  bell  at  lower  edge  about  three- 
fourths  of  length,  inside  depth  of  cup  about  one-fourth  of  length,  and  the 
wire  groove  is  about  two-thirds  down  the  insulator,  so  that  the  leverage  on 
the  stalk  is  as  small  as  possible.  The  stalks  or  pins  are  of  wood,  commonly 
oak,  seasoned  and  painted,  or  dipped  in  melted  paraffin  until  they  take  a 
Bmooth  coat.  These  pins  are  screwed  into  the  glass  bell.  The  depth  of  the 
female  screw  in  the  cup  is  equal  to  about  half  the  height  of  the  glass.  The 
stalk  is  not  cylindrical  but  conical,  its  enlargement  downwards  partially 
closing  the  wide  mouth  of  the  shallow  bell,  and  considerably  improving  the 
insulation  in  a  damp  atmosphere.  The  coating  of  paraffin  on  the  stalk  gives 
3  inches  additional  insulating  surface  superior  to  glass  in  a  moist  atmosphere. 
The  advantage  of  lowering  the  point  of  attachment  of  the  line  wire  on  the 
stalk  is  gained  in  the  French  pattern,  which  is  very  similar  to  the  American 
in  shape,  but  the  expansion  of  the  stalk  renders  the  American  pattern 
superior  in  damp  weather.  The  American  insulators  are  stated  (D.  Brooks) 
to  be  fragile,  and  sometimes  a  large  percentage  is  broken  in  erecting  the 
wire;  but  they  are  used  very  generally,  and  appear  to  give  satisfaction. 
The  American  "screw  glass"  insulator  is  attached  to  the  pole  by  insertion 
of  the  stalk  into  a  hole  in  the  top  of  the  pole  or  in  the  cross-arm,  or  the 
stalk  is  made  large,  and  the  insulator  is  spiked  to  the  pole  directly  by  the 
stalk,  the  latter  being  placed  at  such  an  angle  with  the  pole  that  the  cup 
and  pole  are  not  in  contact.  When  the  stalk  is  inserted  in  a  hole  in  the 
pole,  it  has  a  collar  or  flange  turned  on  it  to  prevent  it  sinking  too  low  as 
the  pole  decays.  In  Europe  glass  insulators  are  used  on  some  lines ;  they 
are  of  single  bell  patterns  only.  They  are  used  in  Switzerland,  and  are 
similar  in  shape  to  the  American,  but  are  not  so  strong.  They  are  only 
used  for  thin  wire,  No.  11  (-118  inch  diameter),  and  on  lines  seldom 
exceeding  100  kilometres  in  length.  The  stalks  are  of  iron,  and  are 
cemented  in  with  gypsum.  In  Australia  porcelain  insulators  are  used; 
they  are  fitted  with  wooden  stalks,  excepting  at  angles  and  terminals,  where 
the  great  stress  renders  the  employment  of  iron  necessary.     The  use  of  iron 
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about  insulators  is  avoided  as  far  as  practicable ;  when  the  stalk  of  an 
insulator  is  of  iron  a  piece  of  a  material  termed  "leather  cloth"  is  placed 
between  the  iron  and  porcelain.  The  wooden  stalks  used  on  the  Australian 
lines  are  similar  in  shape  to  those  used  on  the  American  lines;  they  are 
conical,  and  have  a  flange  about  V  i1101  radius  from  the  longitudinal 
axis ;  they  are  made  of  a  wood  locally  known  as  "black  wood."  The  wood 
is  seasoned,  and  the  turned  stalks  are  boiled  for  one  hour  in  a  mixture  of 
equal  parts  Venice  turpentine,  shellac,  and  resin,  to  every  3  gallons  of 
which  a  quart  of  melted  paraffin  has  been  added.  This  preparation  improves 
the  insulation  and  increases  the  durability  of  the  stalks.  The  very  general 
preference  in  America  and  Australia  for  wooden  stalks  proves  they  may  be 
used  with  advantage,  and  the  mechanical  advantage  is  obvious  when  the 
stress  on  the  insulator  is  not  so  great  as  to  render  the  employment  of  iron 
or  steel  necessary.  With  thin  wires,  i.e. .not  thicker  than  No.  8  B.W.G., 
the  use  of  wooden  stalks  is,  as  a  rule,  practicable.  The  climates  of  the 
United  States  and  Australia  are  favourable  to  telegraphy — wooden  pins 
would  require  more  frequent  renewal  in  damp  tropical  climates.  In  America 
and  Australia  wooden  poles  are  used,  and  the  insulator  stalks  are  more 
durable  than  the  poles  ;  with  iron  poles  the  insulator  pins  would  have  to  be 
periodically  inspected,  or  changed  after  a  few  years  exposure. 

On  the  lines  of  the  North-Western  Company  (U.  S. )  the  Kenosha  insulator 
is  used.  This  insulator  is  in  form  a  narrow  cylinder,  it  is  made  of  wood 
covered  with  a  patent,  so  called  indestructible,  insulating  coating;  the 
turned  cylinders  are  kiln-dried,  then  dipped  in  the  compound,  and  again 
baked ;  the  compound  sinks  into  the  wood,  a  second  coating  of  compound  is 
applied,  and  gives  a  glazed  surface.  These  insulators  are  employed  in  several 
ways  :  as  supporting  insulators  they  have  wooden  stalks,  shaped  like  those 
of  the  "screw-glass"  insulators,  and  screwed  in;  when  only  a  few  are 
attached  to  a  pole  they  are  fixed  by  the  stalk  as  the  glass  insulator;  when 
cross-arms  are  used  the  stalks  are  inserted  in  the  upper  surface  of  the  arms; 
as  suspending  insulators  they  are  let  into  the  under  surface  of  the  cross-arm, 
and  fixed  by  pins  put  into  the  cross-arm  at  right  angles  to  the  insulator 
and  fitting  into  a  groove  in  the  insulator. 

Ebonite  is  sometimes  used  for  insulators ;  these  insulators  are  generally 
much  smaller  than  those  of  porcelain,  but  do  not  differ  from  them  in  shape. 
Ebonite  does  not  bear  exposure  well,  and  its  use  for  insulators  may  be 
regarded  as  exceptional.  Even  for  small  military  insulators  porcelain  is 
commonly  preferred,  but  for  these  lines  ebonite  has  the  great  advantage  of 
less  liability  to  injury  in  .transit,  and  as  the  lines  are  not  permanent  the 
insulators  may  be  varnished  before  use,  and  the  liability  to  deterioration  of 
their  surface  is  of  far  less  consequence  than  on  permanent  lines.  Ebonite 
insulators  are  used  on  some  short  lines  in  Australia,  and  in  a  few  cases  in 
Europe,  where  porcelain  or  glass  would  be  liable  to  injury  from  missiles ; 
but  the  iron  hood  is  more  generally  relied  on  as  a  protection  in  such  cases. 

The  Brooks  insulator  is  used  on  some  lines  in  America ;  this  insulator  is 
composed  of  an  iron  cylindrical  hood,  commonly  6  inches  long  and  1  inch  in 
diameter,  of  a  blown  glass  bottle,  which  is  cemented  into  the  hood,  mouth 
downwards,  to  form  the  inner  bell,  and  inside  this  bottle  is  cemented  the 
iron  stalk  by  which  the  wire  is  held  suspended.  The  cement  is  said  to  be 
composed  principally  of  sulphur  and  sand.  After  the  parts  have  been  put 
together  the  insulator  is  saturated  with  paraffin.  This  insulator  is  said  to 
give  very  satisfactory  results  at  first,  and  to  maintain  its  efficiency  if  painted 
yearly  with  paraffin— an  operation  which  may  be  performed  without  removing 
the  insulator  from  the  pole.  M.  Gaug&in  compared  this  insulator  with  an 
Ordinary  porcelain  insulator;  the  resistances  were— 
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June  18, 1874.  October  9, 1874.        May  28, 1875. 

Brooks,     .        .      2,269  39  26 

Porcelain,         .         327  83  22 

The  unit  is  one  million  kilometres  of  4  millimetres  iron  wire.  The  Brooks 
insulator  deteriorated  more  rapidly,  but  after  about  eight  months  exposure 
it  was  as  good  or  better  than  the  porcelain  one.  The  peculiarities  of  this 
insulator  are  its  narrowness,  the  contraction  of  the  glass  round  the  stalk  or 
pin,  and  the  nearness  of  the  edges  of  the  hood  to  the  line  wire  ;  the  hood 
being  close  to  the  wire,  and  having  two  curved  indentations  in  its  edge  to 
avoid  actual  contact  between  the  iine  wire  and  the  edge  of  the  hood.  This 
insulator  is  fixed  to  the  pole  by  a  bent  rod  with  a  thread  to  be  screwed  into 
the  side  of  a  wooden  pole,  by  a  bracket  and  saddle  to  be  bolted  round  an 
iron  pole,  or  by  the  hood  being  inserted  a  short  distance  into  the  under  side 
of  a  wooden  cross-arm.  In  common  with  other  hooded  insulators  this 
pattern  is  not  readily  broken  by  missiles.  The  narrow  shape  of  this 
iosulator  is  highly  favourable  to  retention  of  high  resistance  in  a  humid 
atmosphere  or  during  rain.  The  objections  to  this  form  are — the  difficulty  of 
removing  spiders'  webs  and  the  nests  of  ants,  mason  wasps,  and  other 
insects,  and  the  fact  that  when  once  dirty  rain  cannot  wash  them  clean 
nor  wind  blow  out  the  dust.  The  former  objection  would  no  doubt  prove 
a  serious  one  in  a  tropical  climate,  the  second  is  common  in  a  greater  or 
less  degree  to  all  hooded  insulators,  for  in  proportion  as  an  insulator  is 
wetted  and  washed  clean  by  rain,  it  loses  its  essential  property  during  rain 
or  in  a  moist  atmosphere. 

In  the  Brooks  insulator,  and  in  another  cylindrical  pattern,  termed  the 
"Winkle"  form,  the  wire  is  suspended  from  a  twin  hook  at  the  end  of  the 
stalk ;  when  the  wire  is  put  on  this  hook  it  is  so  bent  that  it  cannot  run; 
binding  is  thus  rendered  unnecessary.  The  French  government  pattern 
insulator  has  a  cylindrical  head  and  rather  open  bell ;  it  is  claimed  for  this 
form  that  the  groove  for  binding  the  wire  in  being  lower  down  on '  the  bolt 
or  stalk  than  in  most  other  patterns  of  supporting  insulators,  the  leverage 
with  which  the  tension  of  the  line  acts  on  the  insulator  and  bracket  i  i 
reduced  ;  but  this  can  only  be  gained  by  making  the  bell  short  and  open, 
a  form  not  suited  to  damp  localities.  When  wooden  stalks  are  used,  an 
expansion  of  the  stalk,  by  partially  closing  the  mouth  of  the  bell,  removes,  in 
a  great  measure,  this  objection,  but  wooden  stalks  are,  not  used  in  Europe. 
In  India  it  has  been  observed  when  line  wires  were  put  on  a  top  groove  of 
a  porcelain  insulator,  the  wire  and  porcelain  were  both  chafed  by  the  motion 
of  the  wire;  hence  the  line  is  now  always  bound  to  the  groove  round  the 
insulator,  even  in  those  insulators  which  have  a  top  groove.  This  does  not 
apply  to  iron-hooded  insulators. 

Sometimes  the  conditions  are  such  that  the  ordinary  pattern  insulators 
cannot  be  employed,  and  the  insulators  have  to  be  chosen  or  designed  to  meet 
the  peculiar  conditions  presented.  On  the  sea  coast,  and  in  all  situations 
where  the  air  is  highly  charged  with  moisture,  or  moisture  and  salt,  the 
ordinary  bell  insulators  insulate  very  imperfectly.  The  Brooks  insulator  is 
said  to  insulate  well  under  these  conditions  if  attended  to;  but  no  means  of 
securing  permanent  good  insulation,  under  such  circumstances,  has  been 
devised.  The  Italian  government  experienced  great  difficulty  in  insulating 
coast  lines,  and  experimented  on  several  measures,  including  reduction  of 
the  number  of  supports ;  the  Indian  government  experienced  much  difficulty 
on  one  section  of  line.  The  insulators  for  such  lines  should  be  deep,  cylin- 
drical, and  narrow,  wide  open  bells  being  avoided ;  and  these  insulators 
should  be  removed  periodically,  and  carefully  washed.     The  supports  to  the 
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line  should  be  as  few  as  consistent  with  safety,  and  as  the  wire  is  liable  to 
corrosion  it  should  not  be  thin.  Thick  wire  in  such  cases  has  electrical 
advantages,  the  insulation  being  unavoidably  low. 

For  terminal  insulators  a  large  strong  pattern  is  used,  but  in  some  cases 
the  strongest  terminal  insulator  ordinarily  made  would  not  be  strong  enough. 
The  span  across  the  River  Kistna,  in  the  Madras  Presidency,  is  5,070  feet, 
the  wire  is  a  seven  strand  rope  ;  to  insulate  this  wire  it  is  passed  round  a 
grooved  marble  ball  at  each  end  ;  these  balls  are  fastened  to  the  poles  by 
iron  straps,  and  the  poles  (being  short)  are  each  enclosed  in  a  wooden  casing, 
through  slits  in  which  the  wire  rope  passes.  This  plan  has  proved  successful. 
The  large  number  of  cables  used  in  Norway  led  to  the  employment  of  a 
special  insulator  at  the  junctions  of  the  cables  and  laud  lines.  These 
insulators  are  double  bell,  but  the  stalk  and  bell  are  in  one  piece,  and  of 
porcelain.  The  stalk  is  a  tube,  the  cable  is  brought  up  underneath  the 
bracket,  and  the  core  is  inserted  in  the  tube,  the  conductor  projecting  above 
the  insulator ;  the  hollow  stem  of  the  insulator  is  then  filled  with  a  melted 
mixture  of  wax  and  resin,  and  a  small  plug  of  porcelain  with  a  hole  in  its 
centre  is  threaded  on  the  exposed  conductor  and  pressed  down  on  to  the 
melted  mixture.  The  conductor  projecting  from  the  top  of  the  junction 
insulator  is  joined  to  the  land  line,  suspended  higher  on  the  pole.  This  mode 
of  joining  a  cable  and  land  line  is  cheap,  and  is  said  to  be  effectual ;  in  a 
tropical  climate  the  mixture  would  run  out  of  the  tubular  stalk— a  less 
fusible  material  would  be  necessary.  Another  special  pattern  insulator  is 
used  to  protect  the  Norwegian  lines  from  lightning.  It  is  manifest  without 
some  provision  of  this  kind  the  numerous  cables  would  be  very  liable  to 
injury.  This  insulator  is  an  open  double  bell  of  ebonite,  but  its  stalk  con- 
sists of  two  concentric  brass  tubes,  both  closed,  but  not  communicating  with 
each  other;  the  interval  between  them  is  1  millimetre.  The  inner  tube  is 
insulated  from  the  outer,  and  it  is  fastened  to  the  insulator  by  a  small  bolt 
passing  through  the  porcelain,  and  on  which  is  a  nut  screwed  down  on  to  the 
summit  of  the  bell.  The  wire  passes  over  this  nut,  and  a  second  nut  is 
screwed  down  on  it.  The  outer  tube  is  connected  with  the  earth ;  it  is 
hermetically  sealed,  and  the  space  between  the  two  tubes  is  a  partial 
vacuum. 

Insulator  stalks  and  arms  are  in  some  cases  varnished  with  a  resinous 
compound,  to  which  a  little  fat  or  paraffin  is  added  to  make  it  less  brittle. 
This  is  not  open  to  the  objections  that  apply  to  an  ebonite  coating ;  con- 
taining no  sulphur  the  iron  is  not  attacked,  and  the  varnish  does  not  readily 
peel  off.  On  the  North-Western  Company's  lines  (U.  S. )  the  cross-arms  are 
of  clear  pine,  and  they  are  treated  with  Kenosha  insulator  compound  in  the 
same  manner  as  the  insulators. 

Insulators  having  the  two  cups  burnt  separately,  and  then  cemented 
together,  are  used  in  England  and  Belgium ;  their  supposed  advantages 
are— 1st,  The  improbability  of  ioth  cups  being  cracked  by  an  accident  which 
might  crack  one,  and  of  two  faulty  cups  being  put  into  the  insulator  ;  2nd, 
(Preece  and  Sievewright)  the  two  cups  can  be  better  burnt  separately  than  if 
made  together.  But  an  insulator  with  the  cups  in  one  piece  is  stronger 
than  one  with  separate  cups;  no  difficulty  should  be  experienced  in  burning 
so  small  a  mass  as  an  insulator,  and  testing  should  be  relied  on  to  detect 
defects  in  the  porcelain.  The  more  general  preference  for  the  two  bells  in 
one  piece  appears  to  be  amply  justified. 

In  Norway,  Denmark,  Switzerland,  and  Italy,  the  use  of  cements  for  fixing 
insulator  stalks  in  the  porcelain  cups  is  avoided.  The  stalks  are  fixed  by 
screwing  them  in  with  a  covering  of  tarred  yarn.  This  has  been  found  to 
answer,  and  to  greatly  reduce  breakage.     In  India  the  yarn  shrank,  the 
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stalks  became  loose,  and  many  cups  were  broken  in  consequence.  The  cups 
were  less  durable  than  when  fixed  with  a  rigid  cement.  To  fix  insulator 
stalks  with  yarn,  a  plug  of  tow  should  be  first  placed  in  the  bottom  of  the 
hole,  the  yarn  should  be  slightly  untwisted  as  it  is  wound  on  the  stalk,  it 
should  be  wound  on  as  tightly  as  possible,  and,  lastly,  the  stalk  should  be 
screwed  into  the  porcelain.  A  good  insulator  cement  is  said  to  be  made  by 
mixing  ten  parts  of  good  freshly-burnt  gypsum  with  one  part  of  fine  iron 
filings.     A  commonly  used  cement  is  pure  gypsum. 

The  stalks  of  insulators  are  commonly  made  slightly  taper  at  the  end 
fixed  in  the  porcelain;  this  causes  the  stalk  to  act  as  a  wedge  in  a  supporting 
insulator,  and  tp  draw  out  more  readily  from  a  suspending  insulator  if  it 
becomes  loose.  In  some  recent  patterns  the  iron  stalks  are  enlarged  into  a 
ball  at  the  end  inserted  into  the  porcelain.  When  curved  pins  or  brackets 
are  used  with  insulators,  particularly  when  in  the  form  of  bent  rods  to  be 
screwed  into  the  pole,  the  point  of  attachment  of  the  line  wire  should  be  on 
the  same  level  as  the  attachment  of  the  bolt  or  bracket  to  the  pole.  This 
prevents  torsion  at  the  fastening,  which,  in  the  case  of  an  arm  screwed  into 
the  pole,  might  turn  the  arm. 
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POLES. 
Dimensions,  Spacing,  Erection,  &c. 

Wooden  Poles.  — On  the  American  lines  more  poles  are  used  to  the  mile 
than  on  European  and  Asiatic  lines  ;  Mr.  D.  Brooks  states  30  to  40  are 
used,  presumably  when  the  wires  are  numerous,  or  there  is  liability  to 
damage  from  sleet  and  snow.  Over  the  Alleghanies  as  many  as  60  poles 
per  mile  are  used  to  prevent  accident  from  sleet,  but  the  wire  has  been 
broken  when  too  tight.  The  telegraph  system  of  the  Pacific  coast  has 
15,000  miles  of  wire,  of  which  10,000  belongs  to  the  Western  Union  Co., 
4,000  to  the  Pacific  Eailroad  Co.,  and  1,000  miles  to  other  companies.  The 
poles  used  are  as  follows  : — Throughout  California,  and  on  the  great  over- 
land route,  for  single  wire  lines,  sawed  redwood  poles,  8  by  8  inches  at 
base,  4  by  5  inches  at  top,  and  22  feet  long,  set  4  feet  in  the  ground,  and 
from  20  to  25  per  mile  according  to  the  nature  of  the  country ;  for  two  to  six 
wires  the  poles  have  the  same  transverse  dimensions,  but  are  25  feet  long, 
and  used  25  to  the  mile.  This  redwood  closely  resembles  cedar,  is  soft  and 
brittle,  but  more  durable  in  the  ground  than  other  American  woods.  On 
lines  which  have  stood  15  and  20  years  very  few  poles  have  rotted.  Mr. 
Geo.  Ladd  states  he  has  seen  some  foundation  timbers  of  this  wood  which 
have  stood  75  years.  The  botanical  name  of  this  tree  has  not  been  supplied. 
In  Northern  California,  Oregon,  Washington,  and  British  Columbia,  round 
cedar  poles  are  used.  These  are  stripped  of  the  bark,  and,  when  time  will 
permit,  seasoned.  The  butts  are  charred.  They  are  22  to  25  feet  long,  with 
a  minimum  diameter  of  9  inches  at  base  and  5  inches  at  top.  These  poles 
are  inferior  in  durability  to  those  of  redwood,  partly,  no  doubt,  because  the 
latter  are  of  sawn  timber.  Alter  standing  four  or  five  years,  cedar  poles  are 
either  reset  or  strengthened  in  the  following  manner  : — A  hole  is  made  in 
the  ground  at  one  side  of  the  pole,  a,  stout  sound  piece  of  timber  is  firmly 
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planted  against  the  pole,  and  standing  several  feet  above  ground;  two 
servings,  each  of  three  turns,  of  No.  9  galvanised  wire  are  passed  round  the 
pole  and  timber,  one  1  foot  above  ground,  the  other  near  the  top  of  the 
strengthening  timber.  This  is  cheaper  than  replanting  the  poles,  and  is 
very  reliable ;  200  miles  done  ten  years  ago  is  still  good.  This  mode  of 
strengthening  wooden  poles  decayed  at  the  ground  line  has  been  applied  by 
the  author  to  large  wooden  masts.  It  is  an  economical  method  of  strength- 
ening wooden  poles  containing  much  sapwood,  when  this  has  rotted  at  the 
ground  line  and  left  the  pole  weak.  Strengthening  with  a  piece  of  sound 
heartwood  timber  may  in  such  cases  prolong  the  life  of  the  pole  longer  than 
replanting.  The  North- Western  Company  (U.S.A.)  use  white  cedar  ex- 
clusively for  poles.  As  the  number  of  wires  is  constantly  increasing,  a 
greater  number  of  poles  is  used  than  would  otherwise  be  employed.  The 
smallest  poles  are  25  Jeet  long,  and  5  inches  diameter  at  the  small  end. 
They  are  barked,  planted  44  to  5  feet  deep  according  to  the  soil,  and  25  to 
30  to  the  mile. 

Wooden  poles  are  ordinarily  used  in  Australia,  but  on  some  of  the 
principal  railway  lines  iron  poles  (Oppenheimer  pattern)  are  employed. 
The  best  of  the  woods  used  are  red  gum,  blue  gum,  boxwood,  and  iron 
bark,  all  varieties  of  the  Eucalyptus  family.  Bed  and  blue  gum  poles  have 
been  found  serviceable  after  standing  17  years,  and  boxwood  after  nearly  as 
long.  The  durability  depends  in  a  great  measure  on  the  season  at  which 
cut,  and  nature  of  the  soil  in  which  planted.  The  average  durability  of 
ordinary  poles  in  Victoria  is  about  nine  years.  These  poles  are  saplings,  and 
no  preservative  preparation  is  used,  labour  being  very  expensive.  The 
poles  are  simply  barked,  and  the  butt  thoroughly  charred  over  a  length  of 
5  feet  6  inches.  The  dimensions  are,  25  feet  long,  30  to  36  inches  circum- 
ference at  ground  line,  and  at  least  18  inches  at  top ;  30  to  35  feet  long,  36 
to  42  inches  at  ground  line,  and  18  inches  at  top.  When  saplings  cannot  be 
obtained  squared  timber  is  used.  The  dimensions  are  25  feet  long,  8  inches 
square  at  ground  line,  and  6  inches  at  top ;  angle  and  terminal  poles  12  inches 
diameter  at  ground,  7  inches  at  top.  In  the  streets  of  towns  and  villages 
the  poles  are  dressed  with  a  plane,  and  the  upper  part  painted  with  three  coats 
of  white  lead  and  oil  paint  to  within  6  feet  of  the  ground ;  the  remaining 
portion  is  painted  black.  As  the  insulator  is  inserted  in  the  top  of  the  pole, 
a  galvanised  iron  band,  at  least  1  inch  wide,  is  fixed  round  the  end  of  the 
pole  1  inch  from  the  extremity,  the  ends  of  the  strap  overlap  2  inches,  and 
the  fastening  is  five  2-inch  galvanised  iron  .nails;  a  hole,  at  least  5  inches  deep, 
is  bored  for  the  insulator  pin.  The  poles  are  planted  20  to  the  mile,  and  5 
feet  deep.  In  rock  the  depth  is  reduced  to  4  feet.  The  headway  allowed  is 
18  feet  over  land  and  25  over  water. 

On  some  European  lines  the  poles  are  placed  a  fixed  distance  apart, 
irrespective  of  the  number  of  wires  carried,  higher  and  thicker  poles  being 
used  for  carrying  more  numerous  wires.  This  is  the  case  on  the  French, 
Italian,  Belgian,  Norwegian,  and  Swiss  lines.  On  French  railway  lines  the 
standard  distance  is  70  metres  (230  feet) ;  this  distance  is  maintained  on  all 
lines  and  on  curves  exceeding  400  metres  (438  yards)  radius.  On  curves 
400  to  1,000  metres  (430  to  1,094  yards)  radius  every  support  is  of  two  poles 
coupled  together,  when  the  radius  is  1,000  to  2,000  metres  (1,094  to  2,187 
yards)  coupled  poles  are  used  alternately  with  single  ones,  the  single  ones 
being  placed  in  the  alignment  between  the  coupled  poles.  When  the  radius 
exceeds  2,000  metres  (2,187  yards)  single  poles,  selected  for  strength,  are 
used,  but  one  in  three  may  be  coupled.  When  the  radius  of  the  curve  is 
less  than  400  metres  (438  yards),  then  the  distance  between  the  poles  is 
reduced  below  70  metres  (230  feet).    In  Italy,  Belgium,  Norway,  Switzer- 
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land,  and  some  parts  of  Germany,  the  normal  spacing  generally  adhered  to 
on  straight  lines  is  as  follows:— Italy,  70  metres  (230  feet);  Belgium,  100 
metres,  reduced  lately  to  90  metres  (295-3  feet) ;  Norway,  50  metres  (164 
feet);  Switzerland,  60  metres  (196'8  feet).  On  the  Italian  coast  lines  the 
minimum  distance  is  90  metres  (295  -3  feet),  it  being  desirable  to  reduce  the 
number  of  supports  to  improve  insulation.  On  the  Norwegian  lines  exposed 
to  storms  and  snow,  the  spacing  is  reduced  to  35  metres  (114'8  feet),  and 
even  less.  In  most  of  the  instances  given,  the  normal  distance  taken  is  so 
short  as  to  render  it  unnecessary  to  increase  the  number  of  supports  as  the 
number  of  wires  is  increased ;  but  on  curves  the  poles  are  placed  nearer 
together,  the  distance  being  regulated  by  the  radius  of  curvature — e.g.,  on 
the  Bavarian  lines  the  distances  adopted  were, — on  straight  lines  and  curves 
exceeding  3,000  feet  radius,  150  feet ;  curves  of  radius  1,500  to  3,000  feet, 
125  feet;  1,000  to  1,500  feet,  100  feet.  On  the  Belgian  lines  the  minimum 
distance  is  50  metres  (164  feet).  On  curves,  of  course,  in  any  case  the 
standard  spacing  may  be  departed  from  to  give  additional  security  or  head- 
way. On  the  Austrian  lines  the  spacing  varies  between  35  metres  (115  feet) 
and  50  metres  (164  feet).  On  the  Danish  lines  the  maximum  on  road  lines 
is  200  metres  (328  feet);  on  railway  lines  65  metres  (213  feet)  to  80  metres 
(262  feet).  On  the  Dutch,  Indian,  English,  and  some  other  lines,  the 
spacing  varies  with  the  number  of  wires  :  the  maximum  distance  in  Holland 
is  75  metres  (264  feet);  in  India  110  yards;  in  England,  for  minor  road  lines 
and  branch  railway  lines,  the  maximum  distance  is  293  feet,  on  trunk  lines 
220  feet. 

The  sizes  of  the  poles  generally  used  differ  in  different  countries.  In  every 
case  longer  or  shorter  poles  are  used  for  exceptional  conditions.  The  sizes 
used  in  America  and  Australia  have  been  stated  above;  those  used  in  France, 
India,  &c,  in  the  body  of  the  work.  In  England  22  feet  is  the  minimum 
length,  excepting  on  one  wire  extensions,  when  20  feet  is  admitted ;  on  rail- 
ways 20  feet  is  the  length  used,  18  and  16  feet  having  been  used  occasionally. 
One  foot  extra  is  allowed  for  every  two  wires  after  the  first ;  12  feet  clear  is 
the  minimum  ordinary  headway,  and  20  feet  is  the  minimum  at  road  and 
railway  crossings.  Bound  poles  are  used,  except  for  terminals  and  sharp 
angles,  for  which  squared  timber  is  used.  For  round  timber  the  minimum 
diameter  at  small  end  is  5  inches  for  minor  lines,  and  6  inches  for  trunk 
lines ;  the  squared  timber  is  of  a  section  according  to  requirements. 

The  dimensions  of  poles  used  by  several  European  administrations  are  as 
follows — the  transverse  dimensions  are  specified  minima  : — Austria,  20  to  25 
feet  long,  least  diameter  12  to  15  centimetres  (4  "72  inches  to  5 -9  inches). 
Bavaria,  25  to  31  feet  long,  least  diameter  12  centimetres  (4-72  inches). 
Belgium,  common  sizes,  6'50  metres,  7'50  metres,  and  9  metres  (21  "3  feet, 
24 '6  feet,  and  29  '7  feet) ;  but  larger  poles  are  used  up  to  20  metres  (67  "6  feet). 
Denmark,  average,  8  "16  metres  (26  '5  feet).  French  railway  lines,  8  metres 
to  10  metres  (26 '24  feet  to  328  feet).  Italy,  ordinary  poles,  6  metres  and 
8  metres  (19'68  feet  and  2624  feet)  long,  least  circumference  30  centimetres 
(11  '8  inches),  and  circumference  measured  at  2  metres  from  thick  end  50  centi- 
metres (197  inches).  Special  poles,  9  metres  and  10  metres  (29'5  feet  and 
32-8  feet)  long,  and  each  36  centimetres  and  56  centimetres  (14  inches  and 
22  inches)  in  circumference,  measured  as  above.  Larger  poles  than  these  are 
6  centimetres  additional  in  circumference.  Norway,  7  metres  to  8  metres 
(23  feet  to  26-25  feet)  long,  0  5  metre  (197  inches)  circumference  at  small 
end,  and  0'66  to  0'82  metre  (21-6  inches  to  32'3  inches)  at  J;he  thick  end. 
Holland,  6  metres  to  9  metres  (19'6  feet  to  29'5  feet)  long,  21  centimetres 
(8'27  inches)  diameter;  9  metres  to  11  metres  long,  24  centimetres  (9'4 
inches)  diameter.     The  diameter  is  measured  in  each  case  1  metre  from  the 
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thick  end.  The  minimum  diameter  at  the  thin  end  is  in  all  cases  125  milli- 
metres (4 '9  inches).  6-metre  to  7-metre  poles  are  generally  used.  Switzer- 
land, length  8  metres,  9  metres,  and  10  metres  (26  24  feet,  29  5  feet,  and 
32  8  feet),  diameter  at  small  end  12  centimetres  (4-72  inches),  and  at  thick 
end  18  centimetres,  20  centimetres,  and  25  centimetres  (7 '08  inches,  7 '98 
inches,  and  9 '85  inches)  respectively. 

The  above  particulars  relate  to  wooden  poles  only.  The  wood  generally 
employed  is  pine  wood,  excepting  on  some  Italian  and  a  few  Swiss  lines,  on 
which  wild  chestnut  is  used.  The  latter  wood  is  soft,  but  strong  and  dura- 
>le  in  the  ground  ;  its  ultimate  durability  is  not  settled ;  it  has  lasted  more 
.han  sixteen  years  in  Switzerland,  and  is  estimated  to  last  twenty  years  with- 
>ut  renewal.  In  Italy  it  has  not  been  in  use  so  long,  but  will  prove  equally 
iurable ;  it  is  used  on  coast  lines  exposed  to  storms,  and  with  a  minimum 
Bpacing  of  90  metres,  Jhe  pine  wood  having  failed.  It  is  felled  between 
November  and  March,  oarked  and  seasoned  before  use.  Slight  curves  are 
admitted  in  the  poles,  and  only  sound  wood  is  used.  The  durability  of  pine 
wood  poles-is  variously  estimated  as  follows : — England,  average  for  unpre- 
pared round  poles  seven  years.  Boucherising  is  generally  considered  uncertain, 
creosoting  is  considered  the  best,  but  it  may  fail  from  want  of  care,  &c.  ; 
Norway,  in  five  to  seven  years  unprepared  poles  are  mostly  replaced ;  Bouch- 
erised  require  slight  renewals  after  ten  years  ;  Switzerland,  seasoned  larch 
has  been  found  good  after  eight  or  ten  years  ;  Bavaria,  injected  timber  lasts 
on  an  average  only  seven  years;  injected  wood  is  very  commonly  employed  ; 
Boucherised  and  creosoted  most  generally,  and  with  satisfactory  results. 

The  following  partial  and  supplementary  measures  are  taken  to  in- 
crease the  durability  of  poles  :— The  Italian  chestnut  poles  are  charred  for 
1'50  metre  (4 '9  feet)  to  4  centimetre  (2  inch)  deep.  In  Norway  the 
Boucherised  poles  are  tarred  2  feet  above  and  below  the  ground  line  to 
prevent  the  salt  being  washed  out  by  rain  and  humidity ;  this  is  applied  at 
once  to  seasoned  wood,  but  one  or  two  years  later  to  unseasoned  wood.  Tar 
and  iron  pole  roofs  are  commonly  employed,  but  the  end  is  attained  cheaper 
in  many  cases  by  other  means — e.  g.,  in  Austria  the  pole  is  cut  wedge-shaped 
at  top,  and  the  upper  surfaces  are  well  painted  with  linseed  oil.  In  France 
the  tops  are  cut  to  a  cone  and  painted.  In  Italy  the  tops  are  rounded.  In 
Norway,  when  barking  the  poles  care  is  taken  not  to  injure  the  layer  under 
the  outer  bark,  as  the  preservation  of  this  adds  to  the  durability  of  the 
poles. 

There  is  considerable  variation  in  the  depth  to  which  poles  are  inserted 
in  the  ground.  The  following  are  some  additional  examples :— Austria, 
25  feet  pole  inserted  4'5  feet,  the  bottom  of  the  hole  being  filled  with 
stones.  Bavaria  25  feet  pole  5  feet,  31  feet  pole  6  feet.  Belgium, 
poles  21'3  feet  to  29 '5  feet  are  inserted  4 '92  feet;  poles  up  to  46  feet 
in  length  are  inserted  6'76  feet,  and  poles  67 '6  feet  long  are  inserted 
9'84  feet.  England,  poles  are  inserted  to  one-fifth  of  their  length,  but  not 
less  than  4  feet,  nor  in  good  earth  more  than  6  feet ;  in  made  earth  they 
are  inserted  a  foot  deeper.  Italy,  poles  19 '68  feet  to  26 '24  feet,  inserted 
120  metre  (3 '94  feet),  this  is  increased  in  soft  earth  and  decreased  in  rock. 
Denmark,  poles  26 '7  feet  inserted  1'75  metre  to  3  metres  (5  74  feet  to  6'56 
feet).  Norway,  poles  23  feet  to  26  "25  feet,  inserted  about  2  metres  (6  '56  feet), 
more  or  less,  according  to  nature  of  ground.  In  some  places  the  ground 
becomes  frozen  several  feet  deep,  and  the  thawing  in  spring  would  loosen  the 
poles.  Sometimes  small  stones  are  used  round  the  poles,  so  that  the  latter  are 
kept  from  contact  with  the  surrounding  earth ;  the  object  is  to  strengthen 
the  line  against  violent  storms.  Holland,  poles  are  inserted  1  '50  metre  to  2 
metres  (49  to  6'56  feet),  according  to  size  of  pole  and  nature  of  soil. 
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Switzerland,  poles  2624  and  29-5  feet  inserted  3-93  feet ;  32-8   feet  poles 
inserted  4  9  feet,  stones  are  used  to  fill  in  round  the  poles. 

In  England  poles  are  inserted  a  foot  less  in  rock  than  in  ordinary  earth, 
or  3  to  5  feet ;  in  Australia  they  are  inserted  4  feet  in  rock. ;  in  Bel- 
gium only  1  "97  foot ;  in  Norway  very  shallow  holes  are  made  in  the  rock, 
and  a  truncated  square  pyramid  of  stone  is  built  round  the  pole,  lime  mortar 
being  used.  The  dimensions  of  this  structure  are  2-l  metres  (6  "79  feet)  square 
at  base,  1'5  metre  (49  feet)  at  summit,  and  1"5  metre  (4-9  feet)  high.  In 
Italy  poles  are  mounted  with  rammed  earth,  or  earth  and. stones;  the  mound 
is  conical  and  0'5  metre  high ;  in  rock  the  holes  are  shallow,  and  rough 
masonry  with  lime  mortar  is  used.  The  lines  in  the  north  of  Germany, 
Denmark,  and  Norway,  have  to  be  built  stronger  than  other  European  lines; 
the  Norwegian  lines  are  the  strongest,  the  poles  are  closer,  and  inserted 
deeper  than  on  other  lines.  In  the  north  of  Germany  the  wires  may  become 
encrusted  with  icicles  to  a  thickness  of  15  centimetres  (6  inches) ;  the  weight 
of  ice  on  one  wire  60  metres  (197  feet)  span  may  exceed  3000  lbs.  ;  although 
this  limit  is  rarely  reached,  less  extreme  cases  are  frequent  and  sufficiently 
severe  to  try  the  supports. 

Holes  are  commonly  bored  and  dug,  but  in  £he  case  of  large  poles  the  diffi- 
culty of  lifting  the  poles  into  bored  holes  without  the  use  of  shears  is  con-( 
sidered  a  great  disadvantage ;  but  it  is  contended,  on  the  other  hand,  that  by 
using  a  curved  shovel  to  protect  the  sides  of  the  hole  while  inserting  the 
pole,  shears  may  be  dispensed  with.  In  England  the  dug  holes  are  stepped 
and  made  about  2  feet  wide  across,  and  4  feet  long  in  the  alignment. 
In  Austria  and  Belgium  similar  stepped  holes  are  used.  In  Italy  the  holes 
are  made  only  just  wide  enough  at  one  end  to  admit  the  pole.  In  Denmark 
the  holes  are  bored  with  an  augur,  this  having  proved  cheaper,  quicker,  and 
stronger ;  the  lines  are  found  to  bear  storms  well.  Boring  tools  are  used  in 
England,  and  give  satisfaction.  In  Australia,  whenever  practicable,  the 
holes  are  bored  with  earth  augurs,  boring  holes  not  less  than  12  inches 
in  diameter  and  5  feet  deep  ;  when  absolutely  necessary  the  bar  and  shovel 
are  used,  but  the  excavation  is  not  suffered  to  exceed  16  inches  in  dia- 
meter. Thirty  miles  of  line  constructed  by  the  author  in  India  was  not 
damaged  by  a  cyclone  which  took  place  just  as  the  line  was  finished ;  the 
holes  were  3  feet  square,  a  large  quantity  of  broken  brick  was  placed  in 
each  hole,  the  poles  had  cross  feet,  and  some  of  them  were  on  made  earth. 
The  continuation  of  this  line  was  damaged,  the  poles  having  been  set  with 
earth  only.  Poles  set  in  large  holes  may  be  made  to  resist  storms  by  the  use 
of  stones  or  bricks  for  filling  the  holes ;  but  the  expense  must  be  greater, 
generally,  than  when  small  holes  are  bored  or  jumped.  The  use  of  boring 
tools  is  spreading,  and  of  their  general  economy  and  utility  there  can  be  no 
room  for  doubt.  Provision  for  a  large  number  of  wires  is  generally  made  in 
England  by  using  higher  poles,  until  the  uumber  of  wires  is  so  great  as  to 
render  this  difficult,  when  coupled  and  A  poles  are  used  necessarily.  It  is 
generally  speaking  preferable  to  provide  for  a  large  number  of  wires  by 
using  poles  of  the  ordinary  size,  and  using  two  separate  sets  of  poles  when  the 
wires  are  too  numerous,  or  the  stress  too  great  for  one  set.  In  Prance  and 
Switzerland  coupled  poles  are  used  on  curves,  as  stated  above ;  a  large 
number  of  wires  is  provided  for  by  using  two  poles  coupled  by  iron  rods,  the 
poles  being  almost  or  quite  parallel  to  each  other.  In  Austria  A  poles  are 
preferred,  they  are  manifestly  stronger.  In  Italy  when  the  wires  are  too 
numerous  for  one  set  of  poles,  a  second  set  is  erected,  the  two  sets  being  kept 
quite  distinct,  with  a  view  to  rendering  total  interruption  less  frequent. 
The  use  of  exceptionally  large  poles  is  avoided  as  far  as  possible  at  crossings. 
The  wires  are  sometimes  divided  into  two  sets,  thus  ordinary  sized  poles  are 
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employed  even  with  a  very  large  number  of  wires.  The  wisdom  of  avoiding 
the  use  of  very  large  poles  is  obvious  ;  these  poles  are  proportionately  dearer 
both  to  purchase  and  transport,  they  are  less  generally  useful,  and  from  the 
greater  liability  to  faults  proportionately  weaker.  Bolt  holes  made  for 
coupling  poles  should  be  carefully  stopped  with  white  lead  or  other  suitable 
stopping  to  keep  out  water.  When  poles  are  planted  on  curves  without  ties, 
or  with  ties  having  no  straining  screws,  it  is  a  common  practice  to  plant  the 
poles  a  little  out  of  the  perpendicular,  in  the  latter  case  they  are  drawn  up 
when  the  wire  is  strained,  but  sometimes,  e.g.  in  Belgium,  the  poles  on  curves 
are  allowed  to  remain  slightly  so  inclined  even  when  tied.  In  France 
coupled  poles  are  used  to  separate  very  unequal  spans.  Poles  overloaded 
with  wires  so  that  they  would  be  thrown  down  by  high  winds,  are  cross 
stayed— i.e.,  two  stays  are  erected  to  each  pole  extending  at  right  angles  to 
the  alignment ;  this  is  applied  in  England  to  poles  planted  in  made  earth. 
In  Belgium  every  pole  on»a  railway  line  is  stayed  by  a  stay  on  the  opposite 
Bide  to  the  track,  to  ensure  the  pole  falling  clear  of  the  rails  in  case  of 
accident: 

Iron  Poles. — Several  patterns  of  iron  poles  have  been  used  in  France 
experimentally.  One  pattern  resembles  the  Morton  pole  ;  it  is  of  galvanised 
iron,  and  has  two  longitudinal  fins  formed  of  the  edges  of  the  plates,  through 
which  the  rivets  pass  the  section ;  inside  the  fins  is  almost  circular.  When 
necessary,  as  at  angles,  the  pole  is  strengthened  by  a  triangular  plate  riveted 
into  the  longitudinal  joint  and  projecting.  The  insulator  brackets  are  bolted 
to  the  longitudinal  fins,  and  a  set  of  iron  projections  may  also  be  fixed  to 
these  fins  to  form  a  ladder  for  climbing  the  pole.  These  poles  are  said  to  be 
cheap.  A  very  simple  iron  pole  is  in  use  in  Switzerland.  This  pole  is 
simply  a  tube  in  one  piece.  The  metal  is  -197  inch  thick,  the  lengths  are 
from  2'55  metres  (8'37  feet)  to  7'50  metres  (246  feet);  the  extremes 
are  exceptional,  and  the  limits  are  practically  3  "45  metres  and  570  metres. 
The  poles  are  surmounted  by  points,  the  diameter  below  the  point  is 
41  millimetres  (1  6  inches) ;  they  are  conical,  so  that  a  pole  570  metres  (187 
feet)  long  has  a  diameter  at  base  of  75  millimetres  (3-95  feet).  These  poles 
are  fixed  in  pyramidal  stone  socles.  When  painted  at  intervals  they  are 
very  durable,  but  they  have  proved  inconvenient,  because  they  could  not 
be  altered  to  carry  additional  wires.  The  mode  of  attaching  the  insulators 
to  these  poles  is  exceedingly  simple  ;  the  insulator  stalk  is  bent  at  a  right 
angle,  and  the  horizontal  portion  is  put  in  a  hole  quite  through  the  pole  and 
fixed  by  a  wedge. 

Several  engineers  have  designed  poles  of  rolled  iron  bar  of  the  forms  of 
section  most  commonly  employed  in  iron  structures ;  of  such  poles  a  French 
pattern  of  T  iron  and  a  Bavarian  pattern  of  I  section  are  good  examples. 
The  French  pole  is  simply  a  piece  of  T  iron  set  in  a  moulded  block  of  beton. 
The  beton  block  is  pyramidal  or  rather  J.  shaped,  its  greatest  horizonal 
dimension  is  placed  across  the  alignment.  It  is  strengthened  by  an  iron 
band  round  its  top,  and  has  fifty  to  two  hundred  litres  volume,  i.e.,  1 77  to 
706  cubic  feet.  The  iron  passes  almost  through  the  beton  block,  and  as  a 
lightning  conductor  a  wire  soldered  to  the  pole  passes  quite  through.  Beton 
blocks  are  cheaper,  stronger,  and  as  they  can  be  made  on  the  spot,  and  of 
any  suitable  shape,  more  convenient  than  stone  blocks.  The  cross-arms  are 
square  bar  iron,  1'24  metre  (4  feet)  long,  and  25  millimetres  (-98  inch) 
square.  They  are  passed  through  holes  in  the  web,  and  bolted  to  the 
flange ;  each  bar  is  fixed  by  two  bolts,  and  carries  four  insulators.  A  T 
bar,  weighing  only  about  5*  lbs.  per  yard,  and  measuring  only  138  inch 
in  each  direction,  was  found  strong  enough  for  a  man  to  rest  a  ladder  against, 
and  to  carry  a  No.  11  wire  for  a  military  line.     When  the  earth  is  hard  the 
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blocks  may  be  dispensed  ■with,  and  for  military  purposes  a  triangular  earth 
plate  may  be  used.  In  Holland  beton  blocks  have  been  used ;  these  blocks 
are  T25  metre  (49  inches)  high,  and  0'45  metre  (17'7  inches)  square,  their 
upper  surfaces  are  inclined,  and  are  perforated  by  a  square  hole  19 '6 
inches  deep,  slightly  exceeding  in  tranverse  dimensions  the  section  of 
the  pole.  Cement  is  used  to  fix  the  pole.  The  Bavarian  rolled  iron  poles 
are  of  1^  section,  and  5,  6,  and  7  metres  in  length.  This  form  was  chosen  for 
the  same  reasons  as  it  is  generally  used — viz. ,  because  the  material  is  applied 
with  the  utmost  mechanical  advantage,  and  consequently  at  the  minimum 
cost ;  the  utmost  economy  waB  also  desired  in  the  fittings  and  fixture  of  the 
pole.  The  depth  of  the  bar  is  4 '87  inches,  width  of  flanges  2 '94  inches,  and 
thickness  of  web  l-3  inch.  The  cross-arms  are  of  f  iron  bolted  to  the  pole 
by  bolts  through  the  web ;  the  angle  iron  is  -24  inch  thick,  and  1  '81  wide 
each  way.  The  insulator  stalks  have  flanges ;  they  are  placed  in  holes  in  the 
cross-arms,  and  secured  by  nuts  below.  The  poles  are  set  in  granite  socles 
4'27  feet  high,  and  1*39  foot  square  in  section.  The  upper  surface  of  the  socle 
is  inclined,  and  has  a  hole  in  it  the  shape  of  the  section  of  the  pole^  and  9  "85 
inches  deep.  The  pole  is  fixed  by  means  of  melted  lead,  calcareous  cements 
having  been  found  to  crack  in  consequence  of  the  vibration.  Each  pole  is 
connected  with  the  earth  by  a  wire  inserted  in  the  lead  used  to  fix  the  pole. 
A  pole  16  4  feet  long  without  cross-arms  weighs  182  lbs.  The  flanged  form 
is  very  economical,  strictly  it  should  taper  upwards,  but  this  is  unattainable 
in  rolled  iron.  The  design  of  these  poles  and  their  fittings  is  an  excellent 
one,  but  in  most  cases  beton  blocks  or  iron  base  plates  would  be  more  eco- 
nomical than  stone  socles.  In  applying  the  flanged  form  to  telegraph  poles, 
possible  lateral  loads  must  be  considered  and  provided  for,  and  in  general 
greater  lateral  stiffness  is  necessary  than  in  ordinary  flanged  beams.  The 
necessary  lateral  stiffness  is  given  by  making  the  flanges  relatively  wide,  but 
the  flanged  form. is  in  this  respect  obviously  inferior  to  the  box  form.  Several 
engineers  have  proposed  to  fix  iron  poles  by  driving  or  screwing  them  into 
the  ground  instead  of  placing  them  in  holes  previously  bored  or  dug  for  their 
reception.  Screw  earth  tubes  were  used  in  India  for  wooden  poles  and  for 
some  of  the  first  iron  poles,  but  their  use  has  long  been  discontinued.  Small 
military  poles,  invented  by  M.  Lemasson,  are  tubes  fitting  together  and 
fixed  by  screw  clamps.  The  base  is  a  steeled  iron  spike,  it  is  driven  into 
the  ground  by  means  of  a  large  hammer,  and  the  pole  is  then  fitted  to  it. 
The  Oppenheimer  pole  is  the  only  pattern  planted  by  driving  which  has 
been  adopted  for  permanent  lines.  The  base  of  this  pole  is  3  feet  long, 
of  a  peculiar  shape,  somewhat  like  a  triangular  arrow  or  spear-head,  with  the 
corners  rounded  off;  the  material  is  cast  iron,  and  the  base  is  driven  with  its 
greatest  width  in  the  alignment.  The  upper  part  of  the  base  has  a  socket 
to  receive  the  end  of  the  pole,  this  socket  is  filled  temporarily  by  a  suitably 
shaped  piece  of  iron,  the  latter  is  covered  by  a  rope  pad,  and  the  base 
is  driven  by  a  weight  dropped  on  this  rope  pad.  A  light  tripod,  fitted 
with  sheaves  and  a  guide  rod,  is  used  to  raise  and  drop  the  weight.  After 
the  base  is  driven  the  pole  is  fixed  into  it  with  cement,  or  preferably 
with  iron  wedges.  These  poles  have  a  firm  hold  on  the  ground,  the  soil 
being  compressed  in  erecting  them.  They  are  used  on  railways  in  Australia, 
and  appear  to  have  given  satisfaction.  The  principle  of  driving  the  base  is 
the  only  peculiarity  in  the  design ;  if  this  feature  prove  satisfactory  it  might 
be  applied  to  poles  of  other  patterns  above  the  ground  line. 
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EXAMPLES  OP  RIVER  CROSSINGS. 

Spans. 

Span  across  the  River  Kistna  at  Bezwarrah,  Madras  Presidency,  Eas„ 
Indies.— Distance  between  masts,  5070  feet.  The  sites  on  which  the  masts 
are  erected  are  405  feet  and  406  feet  respectively  above  flood  level.  The 
wire  is  of  iron,  and  has  seven  strands,  eaoh  -145  inch  diameter.  The  poles  are 
14  feet  long,  10  inches  square,  and  set  4  feet  in  rock.  Insulation:— Each 
end  of  the  span  wire  is  passed  round  a  groove  in  a  marble  ball,  or  rather  pro- 
late spheroid,  an  iron  Jtrap  passed  round  the  ball  in  a  groove  in  a  plane  at 
right  angles  to  that  of  the  wire  fastens  the  ball  to  the  post.  To  improve  the 
insulation  each  post  is  boxed  in,  the  wire  passing  through  slits  in  opposite 
sides  of  the  box.     This  mode  of  insulating  the  bine  has  proved  satisfactory. 

Teesta  River  Span,  Assam,  East  Indies. — 2830  feet,  masts  97  and  103  feet 
respectively.  Wire,  seven  strand  steel,  each  strand  -06  inch  diameter;  weight 
of  rope  350  lbs.  per  mile,  tenacity  26  cwts. 

Kotree  Span  across  the  River  Indus,  East  Indies.— Span  1950  feet;  six 
wires,  each  wire  seven  strands,  tenacity  33  cwts.  Masts  143  feet  9  inches  and 
150  feet  high,  clear,  respectively.  Lower  masts  tripods  of  cast-iron  tubes 
braced  together,  and  fixed  on  sockets  set  10  feet  in  masonry.  The  tubes  are 
cast  in  lengths  of  6  feet  3  inches,  have  flanges,  and  are  bolted  together. 
These  tripods  are  93  feet  9  inches  and  100  feet  high  respectively.  The  top 
masts  are  wrought-iron  tubes,  and  stand  50  feet  clear  of  the  tripods. 

Span  across  the  River  Hooghly,  near  Barrackpore,  Bengal. — Distance 
between  masts  2135  feet.  Masts  149  and  147  feet  high  respectively;  differ- 
ence of  level  14  feet  6  inches.  Headway  70  feet  clear.  Wires,  ten  in 
number,  placed  2  feet  6  inches  apart,  and  of  steel,  weighing  350  lbs. 
per  mile.     The  masts  reaemble  those  of  the  Kotree  span,  described  above. 

Span  across  the  River  Ganges  at  Benares. — Distance  between  masts  about 
2900  feet.  The  site  of  one  mast  is  about  3  feet  above  flood  level, 
that  of  the  other  at  about  flood  level.  The  masts  are  simple,  and  built 
up  of  pieces  about  30  feet  long.  One  mast  is  of  Saul  wood,  the  other 
is  almost  entirely  of  saul,  the  remainder  being  of  teak.  They  are  built 
only  in  length ;  the  logs  are  joined  by  splices,  each  6  feet  long,  and 
secured  by  three  iron  clamps  2  inches  by  5  inches,  tightened  by  bolts. 
The  logs  were  not  shaped,  but  used  square,  as  purchased.  Each  splice 
is  fitted  with  four  stays  anchored  to  the  ground  by  large  stones.  The  stays 
are  of  two  strands  of  No.  1  B.W.G.  wire,  and  those  of  alternate  sets  are 
in  the  same  vertical  planes,  the  anchors  being  placed  at  the  angles  of  a. 
regular  octagon.  The  top  stays  were  originally  placed  at  an  angle  of  45° 
with  the  mast,  and  all  the  lower  stays  were  anchored  at  the  same  distance ; 
but  the  lower  stays  were  afterwards  altered  and  placed  parallel  with  the 
upper  ones.  The  masts  are  about  180  feet  long,  16  inches  diameter  at  base, 
and  5  inches  at  summit.  It  was  originally  intended  they  should  be  placed 
in  pits  5  feet  deep,  a  large  slab  of  stone  being  placed  in  each  pit  for  the  mast 
to  rest  on,  and  the  pit  rilled  up  with  charcoal  or  other  suitable  material ; 
but  this  was  not  carried  out.  Each  mast  stands  on  a  stone  slab  in  a  pit, 
but  the  pit  has  not  been  filled  in,  nor  is  the  foot  of  the  mast  otherwise  fixed. 
Each  mast  was  erected  in  two  parts,  the  lower  segment  about  115  feet  long, 
and  the  upper  built  of  two  pieces.     The  upper  segments  were  used  for  rais- 
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ing  the  lower  ones.  The  scarf  between  the  upper  segments  has  its  surfaces 
cut  at  right  angles  to  each  other  (Kg.  40)  for  convenience  of  fitting,  the 
other  scarfs  have  oblique  surfaces  (Pig.  41).  The  diameter  at  the  scarf 
between  the  segments  is  9  inches.  The  wires  are  two  in  number,  of  steel, 
No.  10  B.W.G.,  calculated  dip  100  feet;  the  wire  between  the  masts  and 
terminals  is  iron,  No.  5J  B.W.G.  After  the  masts  had  been  erected,  and 
before  the  wires  were  up,  a  boat  adrift  fouled  one  of  the  stays,  and  broke  off 
the  top  log  at  th»  joint.  It  was  then  decided  to  remove  this  mast.  The  mast 
was  successfully  moved  on  end  with  stays  fitted  just  as  it  stood,  to  a  new 
site  80  yards  further  inland,  and  150  yards  along  the  river.  The  removal 
of  the  mast  only  cost  about  £16,  10s.,  and  as  compared  with  taking  it  down 
and  re-erecting  it,  there  was  a  great  saving  of  time  and  money.  This  will 
no  doubt  form  a  precedent  for  moving  masts  in  future.  The  removal  in 
this  manner  was  devised  and  carried  out  by  Mr.  H.  A.  Kirk,  the  assistant 
superintendent  in  charge  of  the  work.  The  work  was  finished  in  January, 
1874.  The  masts  are  still  standing,  and  are  likely  to  prove  very  durable. 
The  only  point  in  which  they  appear  open  to  criticism  is  the  oblique  scarfs 
used  for  joining  the  pieces.  There  would  have  been  less  sacrifice  of  strength 
if  the  abutting  surfaces  of  the  pieces  had  been  cut  at  right  angles  to  the 
pressure,  and  long  iron  fish  plates  or  splints  and  through-bolts  used,  instead 
of  the  hoops  or  clamps.  Although  placing  stays  of  the  several  sets  parallel 
to  each  other  improves  the  appearance  of  the  structure,  it  is  a  sacrifice  of 
mechanical  advantage.  The  placing  of  the  foot  of  the  mast  below  the  surface 
of  the  surrounding  ground  is  essential  to  prevent  possibility  of  disturbance 
of  the  foundation,  unless  an  artificial  foundation  be  carried  down  several 
feet.  If  the  mast  be  buried  there  is  a  gain  in  strength  due  to  the  end 
being  fixed  ;  but  if  the  earth  is  not  filled  in  it  is  preferable  to  have  an  arti- 
ficial masonry  foundation  brought  up  to  the  level  of  the  surrounding  soil. 

Crossing  of  River  Soane,  Bengal. — This  crossing  consists  of  seven  spans, 
six  masts  being  erected  in  the  river,  and  one  on  each  bank.  Of  the  masts 
erected  in  the  river  four  are  70  feet  and  two  32  feet  high,  clear  of 
the  piers.  The  difference  in  height  is  to  allow  for  the  inequality  of  the 
spans ;  the  masts  for  the  shorter  spans  being  lower,  the  height  of  the  wire 
above  the  water  is  the  same  at  the  centre  of  each  span.  The  bank  masts'are 
similar  to  those  described  in  Article  332,  page  230.  They  are  made  up  of 
flanged  tubes,  trussed  with  iron  rods  and  [_  iron  street  braces,  and  stayed  with 
rod  stays.  Their  heights  are  119  feet  and  83  feet  clear  respectively.  The 
masts  erected  in  the  river  are  not  stayed.  These  are  erected  on  small  piers 
of  ashlar  masonry,  each  pier  resting  on  a  foundation  of  two  wells  30  feet 
deep.  The  piers  are  similar  in  shape  to  river  bridge  piers  ;  they  are  erected 
at  right  angles  to  the  current,  and  have  a  pointed  cutwater  at  each  end. 
Their  dimensions  are— length  at  bottom  12  feet  6  inches,  greatest  width 
4  feet,  height  above  wells  15  feet.  The  masts  are  in  section  of  box 
form,  the  flanges  or  ribs  being  of  plate  iron,  the  double  web  of  lattice  work. 
The  box  form  was  preferred  to  the  simple  I,  because  stiffer  laterally ;  and 
the  lattice  web  was  preferred  to  plates,  because  it  affords  facilities  for  paint- 
ing and  climbing.  Cast-iron  sole  plates  5  feet  x  3  feet  are  bolted  on  the  top 
of  the  piers  by  bolts  passing  through  the  piers  and  secured  to  bars  in  the 
wells.  The  masts  are  secured  to  the  sole  plates  by  bolts,  and  this  connec- 
tion is  further  stiffened  by  triangular  fins  standing  4  feet  high.  The 
plate  flanges  are  placed  parallel  with  the  line  wires  and  across  the  river. 
The  masts  are  square  in  plan,  18  inches  square  at  base,  and  6  inches 
at  top.  The  insulator  fittings  are  bolted  to  the  projecting  edges  of  the 
flanges.  The  spans  are  2.340,  1,500, 1,500,  2,000,  1,500, 1,500,  and  2,340feet 
respectively  ;  the  conductors  are  of  seven  strand  steel  wire,  weighing  450 
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lbs.  per  mile.  The  dip  of  the  wire  was  cheeked  by  white  lines  painted  on 
the  masts ;  that  of  the  centre  span  was  verified  by  actual  measurement. 
The  stream  has  a  very  strong  current,  and  rises  and  falls  very  rapidly ;  the 
spans  ware  necessarily  made  unequal,  to  get  the  best  available  foundations 
for  the  piers. 

American  Spans  of  North-  Western  Telegraph  Company.  —The  longest  of 
these  is  upwards  of  2,000  feet  in  length,  and  is  across  the  Missouri.  These 
spans  are  made  of  American  compound  wire.  All  factory  joints  are  cut  out, 
and  the  wire  is  joined  by  insoldered  spring  joints,  described  in  the  Appendix 
on  wire.  A  solid  joint  in  a  long  span  of  compound  wire  causes  fracture.  At 
each  end  of  the  span  No.  9  iron  wire  is  used,  and  this  is  continued  for 
20  or  30  feet  over  the  stream  to  prevent  the  compound  wire  being  used 
over  the  support  where  it  would  be  damaged  by  chafage,  &c.  To  allow 
of  the  wire  being  lowered  during  the  cold  weather  when  navigation  has 
ceased,  it  is  suspendedfrom  a  pulley.  Drawbridges  are  crossed  by  erecting 
high  frames  on  the  fixed  portion  and  spanning  the  draw.  As  this  cannot  be 
done  with  a  large  number  of  wires,  in  this  case  a  light  iron  tower  is  erected 
on  the  draw  span,  from  the  top  of  this  tower  a  three-inch  iron  rod  extends 
upwards  with  a  collar  on  it  every  3  feet ;  the  cross-arms  carrying  the 
insulators  are  centred  on  this  rod,  rest  on  the  collars,  and  are  free  on  the 
vertical  bar.  The  wires  hold  the  cross-arms  while  the  tower  and  rod  turn 
with  the  bridge. 

On  another  American  crossing,  in  the  Pacific  coast  system,  a  four- wire  con- 
ductor cable  was  used.  The  specification  was  not  obtained.  The  span  was 
3,600  feet. 

Cables. 

Cables  Connecting  Vancouver's  Island  with  Washington  Ten-i'ory  (America). 
—Three  sections,  6,  4,  and  2  miles  in  length  respectively.  Conductor 
seven  strands,  each  a  pure  copper  wire,  two  layers  gutta  percha,  j-V  thick, 
one  layer  machine  banding,  one  layer  tarred  hemp  guard,  twelve  No.  9  gal- 
vanised iron  wires,  laid  spirally.  Cable  manufactured  in  San  Francisco  by 
the  Construction  and  Maintenance  Co.  The  bottom  is  bad  and  the  tides  very 
heavy;  the  average  life  of  the  cables  has  been  about  three  years,  excepting 
the  crossing  of  3,600  feet  referred  to  above;  rivers  on  the  Pacific  coast 
system  are  crossed  by  cables  like  that  described  above ;  the  crossings  are 
short. 

The  latest  type  of  Indian  river  «iable  is  across  the  Pudda,  in  Bengal.  Length 
3,290  yards,  conductor  seven  strands,  each  a  eopper  wire  -036  diameter,  three 
layers  gutta  percha ;  total  diameter  -32  inch ;  four  layers  tanned  jute, 
and  twelve  galvanised  iron  wires,  each  -254  inch  diameter,  between  3  and 
4  B.W.G.— total  diameter  1-224  inch,  tenacity  18J  tons. 


APPENDIX  VI. 

UNDERGROUND    LINES. 

The  systems  of  construction  described  (pp.  349,  382)  are  those  in  use  in 
England  and  France  principally.      In  most  large  Continental  cities,  the 
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number  of  wires  being  few,  readiness  of  access  to  them  is  of  less  import- 
ance; permanent  cables  are  therefore  preferred  to  tubes,  the  wires  in 
which  may  be  changed.  These  underground  lines  are  laid  in  multiple  con- 
ductor cables  of  the  type  used  for  subaqueous  lines.  Each  cable  contains 
from  five  to  seven  conductors,  insulated  with  gutta  percha,  and  protected  by 
iron  wires.  These  cables  are  jointed  and  tested  with  the  care  bestowed  on 
subaqueous  lines,  and  once  laid  they  are  exceedingly  permanent.  They  may 
be  laid  deeper  than  tubes,  and  hence  better  protected  against  deterioration. 
In  Belgium,  two  or  more  of  these  cables  are  laid  in  a  brick  trough,  the 
trough  filled  up  with  sand,  and  the  whole  covered  with  earth.  This 
system  is  quiet  successful.  In  Switzerland,  cables  are  laid  on  the  ground 
for  crossing  the  mountains,  where  an  aerial  line  would  be  liable  to 
interruption  from  snow  and  ice.  The  longest  and  one  of  the  most 
recently  constructed  underground  lines  is  that  between  Berlin  and  Halle. 
This  cable  contains  seven  insulated  conductors,  each  composed  of  seven 
copper  wires  0  6  millimetre  ('0236  inch)  diameter.  Each  conductor 
is  covered  with  two  layers  of  gutta  percha  and  two  layers  of  Chatter- 
ton's  compound, — viz.,  one  layer  over  and  betweeu  the  copper  wires,  the 
second  between  the  layers  of  gutta  percha.  The  thickness  of  each  in- 
sulated wire  is  5  millimetres  ('197  inch).  Tarred  hemp  is  spun  on  to 
17  millimetres  ('669  inch).  The  cable  is  protected  by  sixteen  galvanised 
iron  wires  of  4  millimetres  ('157  inch)  diameter;  these  wires  close  up  com- 
pletely against  one  another.  This  line  is  an  experimental  one ;  the  design, 
although  empirically  chosen,  has  evidently  been  selected  after  careful  con- 
sideration of  what  has  already  been  done,  and  from  the  results  obtained. 

Mr.  M.  A.  Holtzmann  has  been  experimenting  at  Amsterdam  on  an 
original  system.  The  insulating  material  is  termed  "brai"  liquid,  and  is  a 
residue  from  the  distillation  of  coal  tar.  When  cold,  this  material  is  a 
flexible  solid,  which  has  been  found  to  be  unchanged  after  having  been  buried 
ten  years.  Gutta  percha  soaked  in  a  mixture  of  equal  parts  "brai"  liquid  and 
creosote  was  not  apparently  altered,  but  in  case  of  doubt  the  gutta  percha 
may  be  protected  by  tape  saturated  with  *.  protective.  The  mode  of  con- 
struction consists  in  laying  troughs  of  creosoted  wood  in  a  trench,  filling 
these  with  melted  brai  liquid,  and,  when  the  liquid  is  cool  enough,  the  wires, 
thinly  covered  with  gutta  percha,  are  laid  in  the  trough  and  covered  with  a 
lid.  It  is  claimed  that  absence  of  brittleness  in  the  compound,  and  its 
chemical  permanence,  fit  it  for  the  purpose  if  it  is  buried  sufficiently  deep 
to  ensure  protection  against  great  variations  of  temperature,  and  the  lines 
cost  only  about  half  the  cost  of  cables.  This  system  is  experimental,  and 
has  been  tried  for  upwards  *>f  two  years  on  5,000  metres  of  12-wire  line 
(Journal  Telegraphique).  In  Holland,  the  underground  wires  are  laid  in 
tube3  of  pasteboard  and  asphalt  manufactured  at  Hamburg.  The  system 
was  invented  by  M.  Jaloureau.  It  was  commenced  experimentally,  in  1865, 
by  laying  a  line  of  2,580  metres  in  Amsterdam,  and  the  experiment  has  been 
followed  by  great  extension  of  the  system,  and  its  adoption  by  the  Nether- 
lands government.  The  tubes  are  in  lengths  of  7  feet,  and  are  used  of  2  and 
3  inches  diameter.  They  are  joined  by  abutting  their  ends,  covering  the 
joint  with  a  short  segment  of  tube  to  fit,  and  cementing  with  bitumen 
applied  hot.  The  material  employed  becomes  very  fluid  when  heated,  and 
very  strong  when  set.  The  ease  with  which  the  work  can  be  carried  out, 
the  fact  that  the  tubes  are  hermetically  sealed,  the  cheapness  of  the 
materials,  and  facility  of  transport,  are  in  favour  of  this  system.  The 
largest  number  of  wires  placed  in  a  3 -inch  tube  is  40.  In  the  English 
system  as  many  as  72  wires  are  placed  in  a  3-inch  pipe,  and  128  in  a  4-inch. 
Portland  cement  is  used  in  England  to  cement  the  pipes  together,  as  well  aa 
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clay,  lead,  and  yarn  ;  but  in  any  case  a  stopping  of  yarn  or  tow  is  applied 
first,  to  prevent  any  of  the  cementing  material  falling  into  the  pipe. 

In  America,  for  -the  Western  Union  Co.,  tubes  are  being  used  for  the 
underground  lines ;  in  New  York  city  and  Philadelphia  the  wires  will  soon 
be  necessarily  laid  underground.  Two  new  systems  are  being  tried  in 
America,  the  particulars  of  which  have  been  supplied  by  Mr.  C.  H.  Haskins. 
A  New  York  manufacturer  of  glass-lined  water  pipes  has  invented  one 
system,  the  other  is  the  invention  of  Mr.  David  Brooks.  In  the  first 
system  a  cluster  of  glass  tubes,  embedded  in  paraffin,  is  inserted  in  a 
wrought-iron  pipe ;  at  the  joints  the  ends  of  the  tubes,  ground  flat,  are 
placed  together  with  coupling  plates.  There  is  a  groove  in  the  face  of  each 
coupling  plate,  and,  after  the  plates  have  been  bolted  together,  this  groove 
is  filled  with  a  water-tight  preparation.  Naked  wires  are  used,  drawn 
through  the  glass  tubes.  All  the  wicket-gates  of  the  Centennial  Exhibition 
are  connected  with  the*treasurer's  office  by  this  means,  and  communication 
has  never  been  interrupted.  In  Mr.  Brooks'  system  a  tube  is  laid,  in 
the  usual  manner,  with  small  flush  test-boxes  at  the  street  corners,  &c. ,  a 
cable  covered  with  hemp  saturated  with  paraffin  is  drawn  in,  nearly  filling 
the  tube ;  paraffin  oil  is  then  forced  in,  and  leakage  is  compensated  by 
pouring  in  oil  at  the  test-boxes. 

The  practice  of  making  the  insulated  wires  up  into  cables  by  binding  them 
together  with  tape  or  yarn  has  been  discontinued  in  England,  because  the 
tape  rotted  and  obstructed  the  tubes ;  but  a  tape  covering  saturated  with 
Stockholm  tar  is  used  over  each  wire.  If  tape  be  used,  cotton  tape,  being 
more  durable  than  hemp,  should  be  preferred.  Hooper's  Telegraph  Works 
Co.  manufacture  a  core  covered  with  a  braided  covering  of  flax  yarns,  the 
whole  being  saturated  at  280°  to  300°  Fahr.  with  a  special  compound.  The 
yarns  are  spun  on  in  the  same  manner  as  the  catgut  on  a  riding- whip ;  the 
compound  is  a  brown,  waxy  material.  The  preservative  enters  the  felt  cover- 
ing of  the  core,  particularly  in  the  thicker  sizes,  and,  if  itself  chemically  per- 
manent, the  great  utility  of  such  an  air-tight  covering  cannot  be  doubted. 
Core  so  protected  is  stated  by  the  manufacturers  to  be  reliable  "when 
partially  submerged  and  partially  exposed  to  the  air,"  and  it  appears  likely 
to  prove  more  durable  for  underground  lines  than  the  thinly  covered  gutta 
percha  core  commonly  employed.  This  kind  of  core  is  being  used  in  Eng- 
land as  field  telegraph  wire,  and  some  has  been  supplied  to  the  English 
Postal  Telegraph  Department.  The  French  government  lines  are  of  gutta 
percha  covered  wire  protected  by  tape.  The  conductor  has  four  strands  ; 
xt  is  covered  with  only  one  layer  of  gutta  percha  to  '2  inch  diameter.  The 
gutta  percha  is  covered  by  two  layers  of  cotton  tape,  previously  treated  with 
sulphate  of  copper  solution  as  a  preservative;  the  inner  layer  of  tape  is  tarred 
with  Stockholm  tar.  The  covered  wires  are  made  up  into  cables  containing 
from  three  to  seven  conductors.  The  lines  are  laid  in  cast-iron  tubes,  made 
in  pieces  8  feet  2  inches  long ;  the  joints  are  leaded,  and  every  50  metres 
a  section  of  pipe  ef  a  larger  diameter  is  fitted  so  that  by  sliding  this  section 
along  the  main  tube,  access  may  be  obtained  to  the  cable.  The  joints  at 
these  places  are  also  stopped  with  lead,  so  that  the  tube  is  sealed  and  the 
cable  protected  against  the  infiltration  of  water  or  gas. 
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APPENDIX  VII. 
DEEP-SEA  SOUNDING  WITH  PIANOFORTE  WIRE. 

The  following  mode  of  sounding,  devised  by  Sir  W.  Thomson,  has  been 
employed  in  several  important  cable-laying  expeditions,  adopted  (somewhat 
modified)  by  the  American  navy,  and  is  being  generally  adopted.  The  wire 
used  is  pianoforte  wire  of  the  best  quality,  about  22  B.W.G. ,  weighing  14£ 
lbs.  per  nautical  mile,  and  bearing  230  to  240  lbs.  tension  without  breaking. 
The  wire  cannot  be  joined  by  soldering,  as  it  is  then  liable  to  break  at  the 
joint.  It  is  spliced  as  follows  : — The  ends  to  be  joined  are  slightly  warmed 
and  coated  with  marine  glue  for  about  3  feet,  to  promote  surface  friction ; 
the  ends  so  prepared  are  laid  together,  forming  an  overlap  of  3  feet,  and  from 
the  centre  of  the  splice  the  end  of  each  wire  is  wound  round  the  other  in  a 
long  spiral,  having  one  turn  per  inch,  the  ends  are  then  tightly  served  with 
twine.  This  joint  does  not  weaken  the  wire  as  would  a  stiff-soldered 
joint,  wire  ligature,  or  short  twisted  splice,  and  it  is  easily  made  in  a  few 
minutes.  The  wire  is  made  in  lengths  of  about  200  yards.  To  the  outer 
end  of  the  wire  is  fastened  a  galvanised  iron  ring,  weighing  about  half  a 
pound  ;  to  this  ring  is  attached  about  5  fathoms  of  hemp  line,  to  the  end  of 
which  is  attached  the  sinker.  The  iron  ring  serves  two  purposes— viz. ,  that 
of  a  coupling  between  the  hemp  line  and  the  wire,  and  of  an  auxiliary  sinker 
to  keep  the  wire  tight  when  the  sinker  rests  on  the  bottom.  The  hempen 
line  is  inserted  that  it  may  coil  on  the  bottom;  because  if  the  wire  were  con- 
tinuous to  the  sinker,  and  permitted  to  coil  on  the  bottom,  it  would  become 
kinked.  The  sinker  is  of  lead,  and  for  depths  not  exceeding  3000  fathoms 
under  ordinary  conditions,  weighs  30  to  35  lbs.  For  4000  fathoms  or  more, 
the  inventor  thinks  it  would  probably  be  found  desirable  to  use  a  sinker 
weighing  100  lbs.,  with  an  appliance  for  detaching  it  on  reaching  the  bottom. 
In  the  American  navy  the  practice  of  detaching  the  sinker  is  adopted  more 
generally,  not  only  for  great  depths. 

The  sounding  machine  may  be  divided  into  two  parts — viz.,  that  for 
letting  the  line  out  and  controlling  its  motion  while  running,  and  that  for 
hauling  the  wire  in  after  the  bottom  has  been  reached.  The  sounding  wheel 
is  of  thin  galvanised  sheet  iron,  made  as  light  as  admissible,  in  order  that 
when  the  weight  touches  the  bottom  the  inertia  of  the  wheel  may  not  cause 
an  excess  of  wire  to  be  run  out  coiled  on  the  bottom,  and  consequently 
kinked.  The  circumference  of  the  wheel  is  one  fathom,  with  a  correction 
for  the  increased  diameter  due  to  the  wire  wound  on  it.  This  wheel  is  fitted 
with  a  very  simple  brake,  its  framing  is  movable  on  a  slide,  elevated  above 
the  deck,  and  projecting  over  the  taffrail,  that  the  wheel  may  be  readily  run 
horizontally  on  board  and  out  over  the  taffrail  as  required.  The  sounding 
line  is  preferably  let  out  over  the  stern.  The  brake  consists  of  a  rope  passed 
round  the  circumference  of  the  sounding  wheel.  This  rope  is  fixed  at  one 
end  and  weighted  at  the  other,  consequently  it  presses  on  the  circumference 
of  the  wheel.  The  rate  of  change  of  pull  of  such  a  cord  per  radian  {i.e., 
angle  whose  circular  measure  is  unity)  round  the  wheel  is  equal  to  the 
amount  of  the  pull  at  any  point  multiplied  by  the  co-efficient  of  friction  ; 
the  whole  tangential  resistance  which  the  cord  applies  to  the  circumference 
of  the  wheel  is  equal  to  the  excess  of  pull  at  one  end  above  that  at  the  other 
end  of  the  cord.  The  apparatus  for  hauling  in  the  sounding  line  consists  of 
a  castor  pulley  projecting  over  the  taffrail  and  an  auxiliary  pulley.  The 
castor  pulley  is  the  same  in  principle  as  the  castors  fitted  to  furniture,  and 
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is  so  fitted  that  when  the  ship  rolls  the  plane  of  the  pulley  remains  vertical; 
this  is  also  assisted  by  a  counterpoise.  The  wire  is  passed  over  the  castor 
pulley  in  hauling  in.  If  the  ship  rolls,  this  pulley  accommodates  itself  to 
the  wire ;  if  the  ship  drifts  laterally,  so  that  the  wire  streams  to  one  side, 
the  pulley  takes  an  oblique  direction.  Thus  this  appliance  renders  it  prac- 
ticable to  haul  in  the  line  when  the  ship  is  rolling  heavily  or  drifting.  The 
auxiliary  pulley  is  used  for  hauling  in  the  wire  and  taking  the  strain  off  the 
sounding  wheel.  If  the  wire  were  raised  directly  by  the  sounding  wheel, 
the  pressure  on  that  wheel  would  be  enormous;  for  if  the  tension  on  the  wire 
be  50  lbs.,  each  turn  of  wire  would  compress  the  wheel  at  the  two  ends  of 
any  diameter  with  a  foroe  of  100  lbs.,  and  this  being  the  effect  of  each  turn 
it  would  be  multiplied  by  the  number  of  turns.  The  interposition  of  the 
auxiliary  pulley  prevents  this  pressure  to  any  required  extent.  The  auxiliary 
pulley  overhangs  its  bearings,  so  that  one  or  two  loops  of  wire  may  be 
put  round  its  edge.  This  pulley  being  turned  in  the  proper  direction  by  two 
handles  worked  Dy  men,  or  by  a  band  hauled  on  by  men,  or  driven  by  an 
engine,  hauls  in  the  wire,  which,  as  it  leaves  this  pulley,  passes  on  to  the 
sounding  wheel  again.  The  assemblage  of  parts  described  above— viz.,  the 
sounding  wheel  with  brake,  wire,  and  sinker,  the  castor  pulley,  and  the 
hauling  in  pulley— constitute,  with  suitable  framing,  a  simple  sounding 
machine.  The  castor  and  auxiliary  pulleys  are  placed  lower  than  the  sound- 
ing drum,  and  when  hauling  in  the  sounding  drum  is  drawn  on  board  on  its 
slides  and  placed  over  the  auxiliary  pulley. 

When  a  sounding  has  to  be  made,  the  sounding  wheel  is  run  out  on  its 
slides  over  the  taffrail,  the  sinker  and  hemp  line  attached,  and  the  weight 
dropped.  By  means  of  the  brake  a  measured  resistance,  more  than  sufficient 
to  balance  the  wire  out  at  each  moment  is  applied  to  the  drum;  as  the  wheel 
revolves  the  person  in  charge  watches  a  counter  which  registers  the  number  of 
fathoms  or  turns  of  the  wheel,  and  he  adds  for  every  250  fathoms  such  a  weight 
to  the  brake  cord  as  shall  balance,  by  its  resistance  to  the  wheel's  motion,  the 
weight  of  the  additional  wire.  Hence  the  resistance  on  the  wheel  is  always 
more  than  the  weight  of  the  wire  out.  The  force  with  which  the  weight 
reaches  the  bottom  is  less  than  that  due  to  the  full  weight  of  the  sinker  in 
water;  when  the  sinker  reaches  the  bottom  the  wheel  is  pulled  in  one  direc- 
tion by  the  weight  of  the  wire  only;  but  this  being  more  than  counter- 
balanced by  the  brake  resistance,  this  resistance  acts  to  stop  the  wheel  when 
the  bottom  is  reached,  and  to  prevent  the  wheel  flying  round  by  its  inertia. 
In  fact,  the  effect  of  this  arrangement  is  to  feel  the  bottom,  and  the  wheel 
stops  almost  immediately  the  bottom  is  reached,  not  running  on  more  than 
one  turn  at  most.  To  take  an  illustration :— For  a  depth  exceeding  1000 
fathoms,  3000  fathoms  is  considered  a  convenient  leDgth  to  put  on  the  wheel; 
this  length  weighs  about  43  lbs.  If  the  depth  exceed  this,  then  a  second 
length  on  another  wheel  is  spliced  on  to  the  first,  this  operation  taking  about 
two  minutes.  The  lead  weighs  34  lbs.,  and  the  resistance  put  on  the  drum 
by  means  of  the  brake  is  kept  10  lbs.  in  excess  of  the  weight  of  wire  out; 
thus  only  24  lbs.  of  the  weight  of  the  sinker  acts  as  moving  force.  As  the 
wire  runs  out,  for  every  250  fathoms  or  turns  of  the  wheel  the  brake  resist- 
ance is  increased  by  3  lbs.,  the  weight  of  250  fathoms  of  the  wire  in  water. 
When  the  sinker  reaches  the  bottom  its  weight  is  taken  off  the  line ;  but  as 
10  lbs.  of  this  was  balanced  by  brake  resistance,  this  resistance  stops  the 
wheel  within  one  turn,  and  the  bottom  is  felt  in  as  great  a  depth  as  4000 
fathoms.  The  stoppage  of  the  wheel  is  almost  instantaneous  under  these 
conditions.  After  the  bottom  has  been  reached,  which  is  known  by  the 
stoppage  of  the  sounding  wheel,  the  sounding  line  is  held  up  by  two  men 
with  thick  leather  gloves,  or  better,  by  a  spun-yarn  stopper.     This  relieves 
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the  wheel;  a  little  more  wire  is  unwound,  and  the  wheel  with  its  bearings  is 
run  on  board  on  its  slides;  the  wire  is  then  passed  round  one  quarter  the 
eircumference  of  the  castor  pulley  and  three  quarters  of  a  turn,  or  one  turn 
and  three  quarters  round  the  hauling-in  pulley,  the  latter  is  turned  by  two 
or  four  men,  and  the  wire  is  wound  on  the  sounding  wheel  simultaneously 
by  one  or  two  men  working  on  handles  fitted  to  its  shaft.  The  auxiliary 
pulley  takes  from  two-thirds  to  nine-tenths  of  the  strain  of  the  wire  off  the 
sounding  wheel.  On  board  the  cable  S.S.  "  Faraday "  the  hauling"  in  is 
effected  by  a  steam  winch. 

The  bottom  is  reached  at  a  depth  of  2,000  to  3,000  fathoms  in  thirty  to 
fifty  minutes.  With  3,000  fathoms  of  line  out,  probably  400  feet  per  minute 
is  a  safe  speed  for  hauling  in;  the  last  1,000  fathoms  may  be  easily  and  safely 
got  in  in  seven  or  eight  minutes.  To  attain  these  speeds  more  men  than 
the  numbers  stated  above  would  have  to  be  employed,  and  a  mechanical 
appliance  for  increasing  speed,  or  a  donkey-engine,  may  be  used.  In  a 
heavy  sea  the  rate  of  hauling  must  be  slower.  An  arrangement  proposed 
by  Professor  Jenkin  can  be  readily  applied,  by  which  the  men  or  engine 
may  haul  in  as  fast  as  they  please,  and  yet  be  unable  to  put  more  than  a 
certain  tension  on  the  wire,  the  line  coming  in  fast  when  the  strain  is 
easy,  and  not  at  all  when  the  ship  is  rising  and  producing  such  a  pull 
that,  if  hauled  upon  at  all,  the  wire  would  break.  With  twelve  or  fourteen 
men  hauling  on  a  multiplying  arrangement,  the  34-lbs.  sinker  may  be  got 
in  from  a  depth  of  2  miles  in  fifteen  minutes.  With  a  heavy  sinker  (100  to 
150  lbs.)  and  detaching  apparatus,  the  sounding  might  be  taken  with  only 
about  twenty  minutes'  detention  of  the  ship.  A  sounding  in  1,000  to  1,500 
fathoms,  with  recovery  of  sinker,  may  be  taken  with  detention  of  the-  ship 
for  fifteen  to  twenty  minutes,  while  the  lead  is  going  down,  and  then  going 
full  speed  a-head.  For  flying  soundings  to  200  fathoms  the  speed  of  the  ship  is 
reduced  to  4  or  5  knots  for  the  sinker  to  reach  the  bottom,  and  then 
increased  up  to  full  speed.  CJnder  these  conditions  a  boy  can  haul  in  the 
line  with  a  34-lbs.  sinker  from  150  fathoms,  and  it  may  be  hauled  on  from 
200  fathoms  with  ease  by  one  man  or  by  two  men.  With  3,000  fathoms  of 
line  out  it  will  be  generally  found  convenient  to  keep  the  ship  hove-to  while 
hauling  in ;  with  2, 500  fathoms,  or  less,  the  ship  may  be  driven  slowly  a-head 
with  increasing  speed;  with  1,500  fathoms  out  the  ship  may  be  safely  driven 
a-head  at  5  or  6  knots,  and  the  last  500  fathoms  may  be  taken  in  with  ease 
and  safety  while  the  ship  is  going  a-head  at  the  rate  of  10  to  12  knots. 

The  wire,  when  not  in  use,  is  preserved  by  immersion  in  a  solution  of 
caustic  soda.  In  the  American  modification  of  the  apparatus  soldered  joints 
are  used  to  join  the  wire,  a  stronger  sounding  wheel  is  used,  the  weight  is 
detached  at  the  bottom,  and  the  hauling-in  pulley  is  dispensed  with.  The 
preservative  used  is  oil,  as  caustic  soda  would  attack  the  solder. 

The  advantages  of  sounding  with  wire  over  the  ordinary  method  are — 
Very  great  saving  of  time,  very  great  saving  of  labour,  great  facilities  for 
taking  flying  soundings,  it  being  unnecessary  to  detain  the  ship  as  by  the 
old  method— e.g.,  flying  soundings  may  be  taken  in  from  100  to  200  fathoms 
with  the  ship  going  4  to  5  knots.  The  sinker  is  saved  and  specimen  of 
bottom  obtained  when  this  would  be  impracticable  by  the  old  method. 
Many  of  the  practical  difficulties  of  deep-sea  sounding  are  removed,  and 
soundings  may  be  taken  under  conditions  which,  under  the  old  method,  would 
have  rendered  sounding  impracticable,  or  the  results  inaccurate-  e.g.,  under 
the  old  method,  when  a  long  length  of  cord  is  out  the  lateral  friction  between 
the  cord  and  water  is  so  great  that  the  pull  of  the  lead  is  neutralised,  and 
the  ship  must  be  kept  over  the  line  for  hours  to  let  it  out  and  haul  it  in,  not 
only  is  the  detention  considerable,  but  in  a  current  it  is  very  difficult  to  keep 
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the  ship  over  the  line.  The  machine  ia  very  simple,  and  therefore  not  Costly. 
It  is  used  in  the  "Hooper "  and  the  " Faraday,"  and  its  use  on  cable  ships 
will  be  general,  the  facility  with  which  flying  soundings  may  be  taken 
during  the  laying  of  a  cable  being  of  the  greatest  importance. 

In  flying  soundings  the  true  depth  is  estimated.  The  following  formulae 
are  useful: — If  1= length  of  line  out,  a = horizontal  distance  travelled  by 
the  ship  less  horizontal  distance  travelled  by  sinker  in  reaching  the  bottom, 
the  true  depth,  where  the  lead  touches  the  botfcom.is  greater  than  I  -  a  and 
less  than  ^l»Z.'ai,  For  flying  soundings  within  200  fathoms,  taken  with 
the  ship  going  4  to  6  knots,  the  strict  adjustment  of  the  brake  resistance 
described  above  is  impracticable ;  in  this  case  the  resistance  is  fixed  at 
from  5  to  10  lbs. ,  a  sudden  decrease  in  the  speed  of  rotation  of  the  wheel 
indicates  when  the  bottom  is  reached,  and  the  wheel  is  then  stopped  by 
hand.  - 
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TEMPOBARY  LINES. 

The  following  are  the  general  results  of  the  experience  gained  during  the 
Abyssinian,  Ashantee,  and  Looshai  expeditions,  the  Franco-German  war, 
the  famine  in  Bengal,  and  the  autumn  manoeuvres  in  England. 

Ground  Wire.  — For  short  lengths  required  to  be  laid  rapidly  and  to  be 
used  for  a  short  time  only,  india-rubber  covered  wire  is  generally  employed. 
This  may  be  laid  on  the  surface  of  the  ground,  buried  in  a  shallow  trench, 
or  it  may  be  laid  on  the  ground  where  admissible,  and  raised  on  poles  or 
buried  at  road  crossings,  and  raised  on  poles  at  river  crossings.  The 
arrangements  for  paying  out  and  picking  up  the  wire  at  a  trot  by  the  use  of 
horses  and  mechanical  appliances  are  practically  useless ;  the  wire  has  to  be 
laid  and  taken  up  by  hand.  The  india-rubber  core  is  usually  protected  by 
hemp  coverings,  tarred  or  saturated  with  a  special  compound.  A  soft  copper 
conductor,  as  used  in  submarine  cables,  has  been  found  in  practice  too  weak 
for  ground  wires  for  military  temporary  lines  ;  the  addition  of  iron  or  hemp 
in  the  usual  way  to  give  great  additional  tenacity  is  obviously  impracticable. 
To  obtain  additional  tensile  strength,  Major  Mallock  proposed  the  use  of  a 
compound  conductor  consisting  of  one  pure  copper  wire  surrounded  by  six 
soft  iron  wires,  in  lieu  of  the  pure  copper  conductor.  It  is  stated  that  wire 
of  this  kind  has  been  adopted  in  the  Italian  army.  An  experimental  waggon 
load  (3  miles)  was  ordered  for  the  British  army,  and  a  length  of  one  mile 
was  favourably  reported  on  by  a  committee  appointed  for  the  purpose.  The 
following  figures  show  the  relations  between  the  old  pattern  (copper  con? 
ductor)  and  the  new  (compound  conductor) :— 


Old  Pattern. 

New  Pattern. 

Copper  Conductor. 

Compound  Conductor. 

Tenacity,      .        i 

125  lbs. 

375  lbs. 

Weight,  per  mile, 

.        •        282  „ 

285  „ 

Conductivity  (relative), 

.        •            2„ 

1  „ 

Diameter  of  new  pattern  slightly  less  than  that  of  old. 
The  committee  found  the  new  wire  might  be  safely  used  for  spans  of  330 
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yards,  and  might  be  drawn  well  up  ;  but  the  old  pattern  could  not  be  raised 
off  the  ground  over  so  long  a  span. 

The  following  is  the  specification  : — 

Conductor,  one  tinned  copper  wire,  diameter  '0135  inch,  conductivity  90 
per  cent,  that  of  pure  copper,  surrounded  by  six  wires  of  best  soft  iron,  dia- 
meter of  each  '0135  inches.  Insulator,  one  layer  of  vulcanised  india-rubber  to 
■176  inch  diameter.  Protection,  one  spiral  layer  tape,  and  oue  braided 
covering  of  best  Italian  hemp,  drawn  through  compound.  Diameter  of  com- 
plete cable,  maximum  '35  inch.  Insulation  100  megohms  per  mile.  Conduc- 
tivity, maximum  resistance  40  B.A.  units.  Tenacity  about  450  lbs.  The 
somewhat  lower  conductivity  is  of  little  consequence,  as  the  wire  is  used  in 
short  lengths.  In  dry  weather  local  faults  in  the  dielectric  are  of  little  con- 
sequence in  a  ground  wire,  bare  places  even  cause  no  inconvenience.  When 
the  wire  has  to  be  buried,  as  in  crossing  a  road,  it  has  been  suggested  that  it 
be  inclosed  in  a  piece  of  india-rubber  tubing.  This  was  tried  by  Captain 
Lambert,  and  with  markedly  beneficial  results. 

For  lines  required  to  be  more  permanent  and  of  greater  length  than  those 
for  which  ground  wire  is  suitable,  light  wire,  supported  on  light  poles  or 
trees,  is  used,  permanent  lines,  when  preseut^bliug  used  as  far  as  practica- 
ble. The  wire  generally  used  is  of  iron,  and  thinner  than  that  used  for  per- 
manent lines.  For  the  Looshai  expedition  the  wire  used  was  No.  9|  B.W.G., 
weighing  300  lbs.  per  mile ;  No.  16  copper  wire  was  used  for  temporary 
connecting  lines.  In  the  Abyssinian  and  Franco-Prussian  campaigns  copper 
wire  was  used.  In  the  first  case  the  wire  was  exceedingly  pure  copper,  No. 
16  B.  W.G. ;  although  spans  of  200  to  300  yards  were  practicable,  the  wire 
stretched,  particularly  when  the  poles  were  shaken.  During  the  Franco- 
Prussian  campaign  it  was  found  necessary  to  use  forty  poles  to  the  mile  with 
copper  wire.  The  temporary  lines  used  during  the  Ashantee  campaign  were 
No.  11  iron  wire,  weighing  3  cwts.  per  mile,  and  this  proved  excellent 
for  the  purpose.  A  stranded  wire  of  three  No.  18  wires  has  been  sug- 
gested as  nearly  as  good  as  one  No.  11,  and  a  half  hundredweight 
lighter  per  mile.  A  good  homogeneous  stranded  wire  would  no  doubt  prove 
suitable.  A  homogeneous  wire  was  tried  in  Abyssinia,  but  failed ;  it  was 
used  for  20  miles,  and  the  wire  appears  to  have  been  bad  in  quality. 
Major  Mallock  proposed  a  compound  stranded  wire,  the  same  as  described' 
above,  for  ground  cable,  he  having  found  that  six  iron  wires  round  a  central 
copper  wire  is  almost  as  strong  as  if  the  centre  wire  were  also  of  soft  iron. 
This  wire  has  the  following  advantages  : — Conductivity,  Vs,  and  weight 
f#,  that  of  iron  of  same  size;  hence  for  equal  conductivity  the  weight  of 
compound  wire  is  only  %  that  of  iron  wire.  American  compound  wire  has 
been  proposed.  As  compared  with  No.  11  B.W.G.  iron  wire,  the  weight  of 
American  wire  is  only  0.  A  simple  joint  might  be  devised  for  temporary 
lines.  The  only  objection  to  this  wire  is  its  stiffness,  which  would  be  incon- 
venient when  rolling  it  up  and  running  it  out.  The  fact  that  compound 
wire  is  more  readily  corroded  than  simple  wire,  is  of  no  importance  in  the 
case  of  a  temporary  line. 


Insulators. 

Insulators  may  frequently  be  dispensed  with  ;  the  necessity  for  their  use 
depends  on  the  nature  of  the  supports,  the  climate,  and  the  time  the  line  has 
to  stand.  In  the  Abyssinian  campaign  no  insulators  were  used ;  old  seasoned 
bamboos  were  used  as  supports,  and  Major  St.  John  thought  them  as  good 
as  porcelain  insulators,  unless  rain  was  running  down  them.     In  Bengal"  the 
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lines  erected  were  541  miles  long,  and  a  year's  experience  was  gained.  No 
insulators  were  used,  and  it  was  found  that  bamboos,  in  open  ground  ex- 
posed to  the  sun,  remained  sufficiently  clean  for  one  monsoon  ;  but  when  the 
poles  were  under  trees  and  constantly  in  the  shade,  they  became  covered 
with  a  kind  of  spongy  mildew,  the  presence  of  which  was  fatal  to  insulation. 
On  the  Abyssinian  lines  no  difficulty  was  experienced  in  working  over  100 
miles  without  relays.  When  the  wire  has  to  be  fixed  to  living  trees,  insula- 
tors are  necessary.  In  the  Loo3hai  and  Ashantee  expeditions  insulators  were 
used;  small  porcelain  insulators  gave  complete  satisfaction.  In  the  latter 
case  some  ebonite  insulators  were  used;  they  were  defective,  split  occa- 
sionally, and  proved  very  unsatisfactory.  The  field  insulator  used  in  India 
is  simply  a  smaller  pattern  of  the  porcelain  line  insulator;  it  can  be  spiked 
to  a  living  tree,  to  rock,  or  bound  to  a  small  tree  or  bamboo  by  wire 
serving.  Its  breaking  ^train  is  3  cwts.,  its  resistance  2,000  megohms, 
and  it  can  be  used  with  No.  9  wire.  Spiking  and  binding  are  the  usual 
means  employed  for  fixing  insulators,  but  in  the  Ashantee  campaign  they 
were  fixed  into  the  top  of  the  bamboos  as  follows  :— The  bamboo  was  cut  off 
level  6  inches  above  a  ring,  a  serving  of  No.  11  wire  was  put  round  it  to 
nreyent  it  spliting,  and  a  plug  of  soft  wood  was  driven  into  the  bamboo  to 
fill  it,  the  insulator  stalk  was  then  inserted  in  an  auger  hole  made  in  the 
wooden  plug.  In  Abyssinia  the  wire  was  simply  put  into  a  slit  about  6 
inches  deep,  cut  across  the  bamboo  pole,  and  it  was  turned  two  or  three 
times  round  the  end  of  every  second  or  third  pole.  The  experience  of  the 
Bengal  famine  lines  indicates  that  the  best  kind  of  insulator  for  use  with 
double  bamboo  supports  (shears)  is  a  hanging  insulator,  suspended  from 
where  the  bamboos  cross. 

Supports. — When  no  timber  is  available  near  the  spot,  or  the  line  has  to 
he  taken  over  hills  up  which  poles  would  have  to  be  carried,  or,  in  fact, 
whenever  poles  must  be  carried  long  distances,  light  iron  tubes  packing  into 
each  other,  or  other  form  of  iron  pole,  may  prove  economical  and  efficient ; 
but  when  bamboos  or  other  suitable  wood  can  be  obtained  readily  it  is 
generally  preferable.  The  bamboos  for  the  Abyssinian  campaign  were  sent 
from  Bombay,  and  no  doubt  proved  cheaper  and  more  useful  than  iron  poles 
would  have  done,  as  with  the  latter  insulators  would  have  been  essential. 
As  far  as  possible,  living  trees  should  be  used  as  supports  when  available  on 
the  route.  This  was  done  to  a  great  extent  in  the  Ashantee  and  Looshai 
expeditions.  In  the  Abyssinian  and  Ashantee  expeditions  single  bamboos 
were  used  as  supports  in  the  open.  On  the  Bengal  famine  lines  each  of  the 
supports  was  of  two  bamboos,  tied  together  near  the  top  with  wire,  and  then 
opened  at  the  bottom  like  shears ;  the  lower  ends  of  the  bamboos  were  placed 
9  feet  apart,  and  inserted  18  inches  in  the  ground.  On  the  Ashantee  lines 
single  bamboos  were  used,  planted  60  to  90  yards  apart,  and  inserted  2  feet 
in  the  ground ;  stones  were  used  to  make  the  hold  on  the  ground  firmer. 
On  the  Bengal  lines  it  was  found  better  to  use  three  bamboos  in  the  form  of 
o  tripod  at  each  angle.  When  single  bamboos  or  other  light  poles  are  used 
the  angles  must  be  tied.  The  ties  are  usually  of  wire,  and  attached  at  the 
lower  end  either  to  pickets  inserted  in  the  ground  or  to  buried  stones.  On 
the  Ashantee  lines  wire  ties  and  pickets  were  used. 

The  light  wire  used  for  temporary  lines  is  usually  stretched  by  hand, 
tackle  being  superfluous.  For  working  temporary  Hues  it  is  generally  con- 
sidered better  to  use  full  sized  instruments  than  small  portable  instruments; 
the  instruments  forming  so  small  a  proportion  of  the  weight  to  be  carried, 
the  additional  weight  of  the  full  sized  instruments  is  inappreciable,  whereas 
the  small  instruments  are  more  troublesome  to  use.  The  lines  not  being 
constructed  so  strongly  as  permanent  lines,  having  a  higher  resistance  and 
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frequently  inferior,  insulation,  a  reliable  and  sensitive  instrument  is  a, 
necessity.  The  batteries  used  are  required  to  be  portable  and  readily  pre- 
pared for  use.  On  the  Bengal  lines,  which  differed  in  many  respects  from 
military  lines,  the  ordinary  Minotti  battery  was  used ;  this  battery  could  not 
be  used  for  military  lines.  The  Ashantee  lines  were  worked  with  the 
Leclanch6  battery ;  the  Marie  Davy  battery  wa3  used  in  Abyssinia  and 
during  the  Franco-Prussian  war ;  both  these  batteries  proved  satisfactory. 
The  objection  to  the  former  is  that  it  cannot  be  repaired  excepting  at  the 
manufactory ;  the  other  has  not  this  defect,  if  a  supply  of  spare  porous  cells 
be  supplied,  and  it  is  therefore  preferred.  When  stores  and  labour  are 
available,  temporary  lines  may  be  put  up  very  quickly ;  the  difficulties 
which  have  been  most  felt  are  want  of  labour  and  transport.  In  Bengal  541 
miles  of  line  were  erected,  and  thirteen  offices  opened  in  thirty-five  days, 
including  the  purchase  of  bamboos.  On  one  occasion  an  officer  put  up  3l| 
miles  in  two  and  a  half  days,  he  having  to  purchase  the  bamboos  and  super- 
vise the  distribution  and  construction. 
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ADDITIONAL  DATA. 

The  following  data  were  accidentally  omitted  from  the  body  of  the  work. 
Such  data  are  frequently  stated  as  if  they  had  a  fixed  value ;  in  these  cases 
the  values  are  merely  averages.  The  values  given  below  are  merely  approxi- 
mations sufficiently  near  for  most  practical  purposes.  When  the  quantities 
are  very  lar^e,  or  other  circumstances  rendera  close  approximation  necessary, 
specimens  of  the  materials  to  be  used  should  be  weighed  and  measured. 

Weight  of  1 
oubio  foot  in  las 

Dry  timber,  Fir  of  different  kinds,  Elm,  and  Chestnut,         .  30  to  44 

Beech  and  Birch  averages 43  to  44-4 

Oak, 43  to  62 

Indian  Teak 41  to  55 

Saul  and  African  Teak  average  about 60 

Brick, 125  to  135 

Brickwork,  dry, 112 

Masonry, 116  to  144 

Sand,  dry, 88'6 

„     damp, 118 

Clay, 120 

Mud, 102 

Granite, 164  to  172 

Limestone, 169  to  178 

Quartz, 165 

Sandstone, 130  to  157 

The  above  are  adopted  from  Professor  Bankine,  after  com- 
parison with  other  authorities. 

Hemp  as  ordinarily  applied  in  serving,  Russian  or  Italian,  about  39 

Russian,  Tarred gg 
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Weight  of  1 
cubic  foot  in  ibs. 


Manilla, 41 

Hemp 77 

„        tarred, Ill 

Hooper's  Material,         .                 73-50 

The  above  are  taken  from  Clark  and  Sabine's  Electrical 
Tables. 

Paraffin, 54  25  to  54-38 

India-rubber 57  "3  to  58  74 

(Messrs.  Clark  and  Sabine  give  56  44.) 

Ebonite  about 81-7 

The  heaviness  of  somejsinds  of  wood  (dried)  may  vary  upwards  of  100  per 
cent.,  and  any  material  naving  an  organised  structure,  like  hemp  and  wood, 
must  vary  considerably  in  heaviness.  Sand  must  vary  in  heaviness  accord- 
ing to  the  size  of  the  grains,  and  mud  according  to  the  quantity  of  water 
held  in  it.  Average  values  are  only  averages  of  certain  measurements  made 
and  recorded;  their  use  is  simply  to  make  rough  calculations  where  great 
accuracy  is  unnecessary  or  unattainable.  These  remarks  may  appear  unne- 
cessary, but  the  frequency  with  which  absolute  values  of  this  kind  are  given 
justify  them.  Not  only  are  fixed  values  given,  but  these  are  given  to  two 
places  of  decimals— eg..  Teak,  oak,  and  mahogany  are  stated  to  weigh 
46-56,  60-62,  and  53-25  lbs.  per  square  inch.  It  is  not  apparent  how  the 
writer  arrived  at  such  figures ;  and  whether  they  are  averages  of  Indian 
and  African  teak,  every  European  variety  of  oak,  and  of  Honduras  and 
Spanish  mahogany  ;  in  any  case  they  can  be  of  but  little  practical  utility, 
and  may  mislead. 


ADDENDUM  TO  ART.  180,  PAGE  105. 

Wind  ob  Water  Pressure. 

The  intensity  of  wind  pressure  on  a  cylindrical  surface  has  been  stated  as 
equal  to  about  half  that  on  a  plane  surface  equal  in  area  to  the  plane  pro- 
jection of  the  cylindrical  surface.  This  estimate,  given  by  the  best  authori- 
ties, on  consideration  of  the  following  will  be  seen  to  be  incorrect  :— 

Let  the  pressure  of  a  current  of  wind  or  water  on  a  plane  surface  of  unit 
area,  placed  at  right  angles  to  the  current,  be  =  P.  If  the  plane  surface  be 
inclined  to  the  current,  the  pressure  on  it  will  be  less  than  P.  If  it  be 
inclined  so  that  its  edge  be  presented  to  the  current,  the  pressure  on  it  will 
=  0,  hence  the  pressure  on  a  plane  surface  varies  between  P  and  0  accord- 
ing to  its  inclination  to  the  current.  For  simplicity,  imagine  the  current 
horizontal,  and  the  plane  acted  upon  vertical.  The  current  force  acting  on 
the  inclined  plane  may  be  resolved  into  two  components,  one  in  the  plane, 
the  other  at  right  angles  to  it;  the  former  exerts  no  pressure  on  the  plane, 
the  latter  is  obtained  by  multiplying  the  current  force  by  the  cosine  of  the 
angle  between  the  plane  and  a  plane  at  right  angles  to  the  current.  If  the 
latter  component,  found  as  above,  be  now  again  multiplied  by  the  cosine  of 
the  above  angle,  the  product  will  be  the  pressure  exerted  by  the  current  on 
the  inclined  plane  in  terms  of  P,  the  pressure  it  would  exert  on  a  plane  ac 
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right  angles  to  its  direction  and  equal  in  area  to  the  projection  of  the  inclined 
plane.  Hence,  the  pressure  on  a  surface  inclined  to  the  current  is  the 
product  of  P  and  the  square  of  the  cosine  of  the  plane's  inclination. 
Suppose  a  solid  body  exposed  to  the  current,  the  section  of  the  body  being 
a  triangle,  and  the  apex  of  the  triangle  presented  to  the  current,  the  limits 
of  pressure  are  P  and  0.  If  the  third  side  of  the  triangle  be  at  right 
angles  to  the  current,  the  pressure  on  each  of  the  other  sides  varies  as  the 
cos2  between  the  side  taken  and  the  third  side,  and  cos2P  represents  the 
pressure  on  a  unit  surface.  Hence  the  sharper  the  edge  presented  to  the 
current  the  less  the  resistance  to  the  current.  From  the  above  may  be 
calculated  the  pressure  of  a  given  current  acting  on  a  body  whose  horizontal 
section  is  a  triangle;  this  pressure  is  manifestly  equal  to  P.  cos2  x  area 
exposed  on  each  of  the  planes  presented  to  the  current.  The  above  is  true 
of  a  cylinder,  each  point  of  the  cylindrical  surface  being  assumed  coincident 
with  the  tangent  at  that  point;  but  in  this  case  the  angle  varies  constantly 
and  is  not  fixed,  as  in  the  case  of  the  triangular  prism.  On  the  cylindrical 
surface  the  pressure  varies  between  P  at  the  most  prominent  point  and 
0  at  the  extremity  of  the  diameter  of  the  section  drawn  at  right 
angles  to  the  current  direction.  At  any  intermediate  point  the  pressure 
is  Pxcos2  as  before,  and  the  sum  of  the  pressures  at  all  points  is=-§P. 
In  the  above  the  effects  of  friction  and  adhesion  between  the  particles 
of  the  fluid  in  motion  have  not  been  considered,  hence  it  is  manifest 
the  above  values  are  too  small  for  practical  application.  The  friction 
between  water  and  an  immersed  body  varies  with  the  nature  of  the 
surface  of  the  latter  and  the  square  of  the  velocity  of  the  current.  Hence 
if  the  triangular  prism  described  above  had  its  presented  angle  sharpened 
and  its  sides  prolonged,  a  point  would  be  reached  at  which  the  friction 
against  the  sides  would  counterbalance  the  diminution  of  resistance  con- 
sequent on  the  greater  sharpness  of  the  presented  angle.  As  a  matter  of 
fact  the  resistance  of  a  cylindrical  body  to  a  current  of  water  has  been 
found  in  practice  to  be  about  £  P  instead  of  $  P  indicated  by  the  above 
formula.     The  resistance  to  a  current  of  air  is  between  f  P  and  £  P. 
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Abrading  tools,  293,  294. 
Abscissa,  catenary,  96. 
Absolute  unit  force,  2,  3,  23. 
Absolute     and     gravity     units     of 

work,  23. 
Abutment  defined,  82. 
Accelerated  velocity,  20. 
Adhesion  of  earth,  153,  161, 162. 

mortar  and  cement,  173,  187. 
Age  of  tree,  how  exhibited,  119. 
Ages  of  trees  at  maturity,  122. 
Alloys  of  iron,  tinning,  galvanising, 
204,  205. 
soldering,  302,  303. 
American  offices  (Western  Union), 

405. 
Anchors,   burying  and  fixing,   338, 
339,376. 
for  stays  and  ties,  332. 
Angle  of  immersion  (cable  laying), 

109,110.  '    ° 

Angle-pole  and  tie  (a  two-bar  frame), 

78,  79. 
Angle-poles,  stresses  on  contiguous, 
84-86. 
load  on,  in  terms  of  wire  tension 
(table),  86. 
Angle  of  repose  (generally),  26. 

(earth),  91. 
Angle,  right,  to  set  out  with  chain, 

313. 
Angles  of  repose  (table  of),  28. 
insulators  at,  343. 
setting  out,  366. 
wire  guards  at,  344. 
Angle  of  traction,  26. 
Angular    measurements,     surveying 

by,  315. 
Annealed  wire,  210-212. 
Annealing  cast-iron,  193. 

its  effect  on  tenacity,  49,  210. 
Annealing  malleable  iron,  209. 
A  poles,  66,  67,  329. 
Appold's  brake,  27. 
Arc,  catenary,  96,  100. 


Area,     measures    of    (British    and 

French),  307. 
Arm  of  couple,  10. 
Arrangement  of  wires  on  poles,  338, 

339. 
Arris-wise  defined,  123. 
Artificial  cements  (calcareous),  172. 

foundations,  165, 166. 
Asphalt,  177-179. 

covering  for  cables,  179,  387,  388. 
Asphaltic   mastic   for   underground 

lines,  178,  179,  352. 
Atlantic  cable,  1866,  392. 

French,  392. 
Atmospheric  pressure,  105. 
Axis  of  couple,  10. 
Axis,  neutral,  in  beams,  55,  56. 

Balanced  forces,  1. 

Bamboo  poles,  218,  326. 

Bands  and  drums,  friction  between, 

27. 
Banks    and   beds   of  rivers,    their 

stability,  107. 
Banks  of  earth,  slopes  of,  91, 153, 154. 
Base  plates  to  poles,   also  Mallet's 

plates,  92,  214,  374. 
Battery  room,  407. 
Baulk  defined  (carpentry),  122. 
Beam,  bending  moment,  59,  60. 
distribution  of  stress  over  section 

of,  56. 
defined  and  described,  55. 
with  fixed  ends,  62. 
length  and  strength,  60. 
load  distributed,  61. 
moment  of  load  on,  59. 
oblique  or  inclined,  55,  70,  77. 
and  post  joints,  135, 136. 
shearing  stress  in,  59,  60. 
shearing  stress  in  flanged,  58,  59, 

61. 
stress  (longitudinal)  in,  57. 
width  and  depth  affecting  strength 
of,  58. 
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Beam,  web  in  flanged,  its  functions, 

&c.,  58-61. 
Beams,  built,  66,  67. 

bolt  and  rivet  holes  in,  66. 

deflection  of  (any  load),  71,  72. 

deflection  of  (proof  load),  71,  72. 

deflection  of,  admitted  in  practice, 
72. 

fittings  and  fastenings  to,  66,  67. 

flanged,  57,  58,  225,  226. 

flanged,  strength,  of,  65,  66. 

forms  of  section  of,  57,  58. 

formulas  for  strength  and  deflec- 
tion, 73,  74. 

iron,  225,  226. 

joints  for  lengthening,  135. 

joints  between,,  135. 

load  (gross)  in,-  70. 

loaded   above   and   below   proof, 
compared,  56. 

neutral  axis  in,  56. 

neutral  plane  in,  55. 

rigidity  in  designing,  72. 

tubular  strength  of,  64,  65,   225, 
226,  227. 
Bellhanger's  joint,  346. 
Bench  mark,  306. 
Bending  load,  fracture  by,  56. 

moment  (beam's),  59,  60. 
Berlin  office,  406. 
Bessemer  process  (iron),  199. 

steel,  240. 

steel,  tenacity  of,  244. 
Bethell's  process  for  preserving  wood, 

128 
Beton,  176,  177. 
Binding  line  to  insulators,  346. 
Birmingham  wire  gauge,  234. 
Blister  steel,  240. 

Blocks   connected    by    plane   joints 
(stability),  92-94. 

tackle,  279. 
Blockwork,  its  resistance  to  pressure, 
39. 

its  stability  (plane  joint),  92-94. 

stability  of  friction,  92-94. 

stability  of  position,  92-94. 
Bolts  (ironwork),  221. 

proportionate  dimensions  of,  132. 

their  application,  132. 
Bond  in  masonry  and  brickwork,  182, 

184,  185. 
Bone,  276,  277. 
Boring  and  digging  compared,  158. 

pole  holes,  157. 

tools,  292. 


Boring  rock,  labour  of,  161. 
Boucherie's    process    for  preserving 

wood,  127. 
Box  girder  poles,  65. 
Boxes,  joint  and  draw,   for  under- 
ground lines,  351. 
Bracing  and  staying  frames,  84. 
Brackets  or  cross  arms,  forms  and 

arrangement,  336-8. 
Brackets,  &c. ,  erection  of,  376,  377. 

insertion  in  masonry,  &c,  187, 188. 
Brake,  Appold's,  27. 

cable  laying,  27,  391. 
Brakes,  27. 
Brass,  252. 
Brazing,  305,  306. 
Breaking  load  defined,  31. 
Brick,  tenacity  of,  172. 
Brickwork,  bond  in,  184,  185. 

factor  of  safety,  187. 

insertion   of  cantilevers,   &c,   in, 
187,  188. 

labour  of,  186. 

and  masonry,  technical  terms,  179, 
180. 

and  masonry,  rules  for  construct- 
ing, 180,  181. 

and  masonry  combined,  185. 

rules  for  constructing,  184. 

strength  of,  186,  187. 
Britannia  joint,  346. 
British  absolute  Kinetic  unit,  2. 
British  and  French  standards  (mo; 
duli  of  elasticity),  30. 

specific  gravity,  17. 
Brittle  substances,  elasticity  of,  31. 
Bronze  aluminium,  251. 

or  gun  metal,  251,  252. 
Built  timber  masts,  140-143. 
Buoyancy,  centre  of,  104. 

Cable,  Atlantic,  1866,  392. 
French,  392. 
coiling,  402. 
conductor,  385,  386. 
conductor,  joints  in,  385,  386. 
conductor  and  insulator,  relative 

sectional  areas,  389. 
conductor,   diameter  and   weight, 

386. 
conductor,  selection  of  copper  for, 

249,  250. 
conductor,  laying  strands  of,  386. 
core,  gutta  percha,  256,  386. 
core,  Hooper's  india  rubber,  270, 

271. 
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Cable,  core,  strength  and  elasticity  of, 

386. 
core,  hemp  covering  of,  386,  387. 
described1,  385. 

deep  sea,  construction  of,  388, 389. 
friction  in  water,  112,  113. 
huts,  237,  238,  325. 
intermediate,  388. 
iron  covering  or  guards  of,  387. 
laying,  394. 
laying  short  cable,  395. 
modulus  of  tenacity,  48,  108. 
picking  up,  398,  399. 
pressure,  tests  of,  4Q2. 
protection  of,  in  river,  402,  403. 
river,  choice  of  site,  325,  371. 
ships  "Faraday"  and  "Hooper," 

395.     . 
stowage  in  ship,  392. 
storing,  402. 
suspended  or  moving  in  water,  99, 

107, 108. 
submersion  (conditions  of),  109, 110. 
sinking  velocity,  106,  108,  109. 
sinking,  transverse  component,  110, 

111. 
Binking,   longitudinal    component, 

Ill- 
Cables,  Hooper's  compound  for.  278, 
279. 
joints  between  thick  and  thin,  388. 
multiple  conductor,  386,  387. 
splicing,  399: 

short,  for  rivers,  &c,  353,  354. 
slack  allowed  in,  395. 
strength,  factors  of  safety,  391. 
twisting  wires  in  making,  54. 
Cable,  tension  at  ship,  113.  114. 
tension,  paying  out  stopped,  114, 

115. 
tension  on  bight  of,  115. 
tension  on  raising,  115,  116. 
Cairns  for  poles,  183,  374,  375. 
Calcareous  cements,  168. 
Camp  equipage,  418. 
Cantilever  defined  (see  also  Beam),  55. 
and  girder  compared,  61. 
insertion  in  brickwork  and  masonry, 

187. 
deflection  of,  72. 
strength  proportioned  to  bending 

moment,  67,  68. 
shearingforce  and  bending  moment, 
60. 
Caps,  mast,  145,  146. 
Caoutchouc  (see  India  rubber),  261. 


Carpentry,  technical  terms,  122,  123. 

in  telegraph  construction.  137,  138. 
Carriage,  hints  on,  418,  419. 
Case  hardening,  241. 
Cast  iron,  casting,  192,  193. 

castings,  their  structure,  191. 

castings,  large  and  small,  strength, 
193. 

castings,  strength  of,  194. 

for  engineering  purposes,  195. 

co-efficient  of  expansion,  193. 

corrosion  of,  196. 

density,  heaviness,  194, 

elasticity  and  resilience,  195. 

factors  of  safety,  194. 

impurities,  effects  of,  190. 

and  malleable  iron  compared,  195, 
205,  206. 

and  malleable  iron  combined,  206. 

and      malleable      iron,      relative 
strengths,  207. 

malleable,  192,  196. 

pillars,  strength  of,  40-42. 

poles,  195. 

proof  load,  194. 

properties  of,  189. 

qualities  and  selection,  190,  191, 
195,  196. 

repeated  fusion,  its  effects,  191, 192. 

testing,  196. 

temperature  affecting  strength,  193. 

toughened,  192,  194,  243. 
Cast  steel,  241. 
Catenary  equations,  96. 

defined  and  described,  95. 

length  of  wire  (arc),  100. 

mechanical  properties,  96,  97. 

and  parabola  compared,  102,  103. 

in  water,  99. 
Cement,  diamond,  176. 

electrical,  176. 

India  rubber,  176. 

marine  glue,  175. 

Muirhead's  insulator,  175. 

Portland,  173,  174. 

Roman,  or  Parker's,  173,  174. 

resin  and  ashes,  175. 

tar  and  clay,  179. 
Cementation  (steel),  240. 
Cementing  materials,  168. 
Cements,  insulator,  174,  175. 

natural  and  artificial,  171-174. 
sulphur,  175. 
Centre  of  gravity,  15-17. 
of  gravity  and.  stability,  95. 
of  inertia.  17,  19. 
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Centre  of  resistance  of  joint,  76. 
of  resistance   or   pressure,   plane 
joint,  92. 
Centres  of  buoyancy  and  pressure, 

104. 
Chain,  279. 

flat-linked,  49. 
Chain  surveying,  309,  313. 

ties,  224,  225. 
Chains,  tenacity  of  rods  and,  49. 

testing,  215. 
Chatterton's  compound,  256. 
Chilling  (casting),  191. 
Clark's  compound,  or  asphalt,  179. 
Claws,  wire,  or  devil's,  297. 
Clay  puddle,  160. 
Climbing  masts,  appliances,  149, 150. 

appliances,  298,  299. 
Cold  shortness  (iron),  190,  206. 
Commutators  and  connection  boards, 

405. 
Compass,  its  use  in  surveying,  308. 
Component  force  defined,  3. 
Compression  of  earth  by  ramming, 

160. 
Concrete,  176,  177. 
Connection  boards  and  commutators, 

405. 
Constants  and  co-efficients,  their  use, 
37. 
of  deflection  (table),  72. 
of  transverse  strength  (timber),  131. 
Construction,  general  remarks,  384. 
Control,    or  testing  poles,  brackets, 

&c,  342. 
Copper,  249. 
soldering  bits,  250. 
wire  formulse  for  cable  core,  249, 

250. 
wire  for  cable  core,  249,  250. 
wire  joining,  250. 
Corrosion,  cast  iron,  196. 
malleable  iron,  205,  238. 
steel,  246. 

wire  in  railway  tunnels,  345. 
Couple,  defined  and  described,  10. 
Coupled  or  A  poles,  66. 
Couple  equivalent,  defined,  10. 
and  force,  resultant  of,  12. 
moment  of,  12. 
Couples,  resolution  and  composition 

of,  11. 
Cross  arms  or  brackets,  forms  of,  336. 

arrangement  on  poles,  338,  339. 
Cross  stays,  330. 
Crosstrees,  masts,  144. 


Crushing,  resistance  to,  38. 
Crystal  varnish  for  paper,  300. 
Currents  in  rivers,  &c,  106. 
Curvature     correction,     surveying, 

316. 
Curves  on  lines  (load  on  poles),  86. 
Curves  set  (catenary),  their  use,  102. 

Datum  points  (levelling),  306. 
Dead  load  defined,  32. 

factors  of  safety  for,  32. 
Deep-sea  cables,  389. 
Deflection  of  beams  any  load,  71,  72. 

proof  load,  71,  72. 

in  practice,  72. 

and  poles  (iron),  215,  216. 

girder  and  cantilever  compared,  72, 

constants  of  (table),  72. 

formula?  for,  73,  74. 
Derrick,  285. 
Designing  beams,  72. 

(dimensions),  321. 

lines,  323. 
Devil's  claws,  297. 
Diameter,  given  (of  masts),  143. 
Diamond  cement,  176. 
Digging  pole  holes,  156,  157. 

and  boring  compared,  157. 
Dimension,  limiting,  35. 
Dip  of  wire,  97,  98,  100-102. 

points     of    suspension,    different 
levels,  102. 

or  tension  from  inclination  at  in- 
sulator, 115. 
Distributed  forces,  14,  18. 
Distribution  (estimating  for),  361. 

(in  construction),  372. 
Dowels  in  masonry,  183, 
Drainage  of  earthwork,  154. 
Draw  boxes,  351,  382. 
Drawing  instruments,  316. 

paper,  317. 
Drawings,  317. 

of  lines  and  offices,  321,  322. 
Driving  bands,  friction  of,  27. 
Drying  timber,  123,  124. 

oils,  278,  279. 
Dry  rot  in  timber,  127. 
stone  masonry,  183. 
Durability  of  gutta-percha,  254. 
india  rubber,  269. 
timber,  126,  129. 
Dynamical  measures  of  force,  2. 
Dynamics  defined,  1,  18. 
Dynamometer,  cable,  393. 
for  line  wires,  294,  295. 
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Earth,  adhesion  of,  91,  153,  161. 

angle  of  repose  of,  91. 

frictional  stability  of,  91,  154. 

plates,  327. 

ramming  round  poles,  92. 

slope  of  banks  of,  91,  154. 
Earthwork  (see  above,  also  embank- 
ing and  foundation),  152. 

labour  of,  160,  161, 

tools  for,  154,  294. 
Ebonite,  268. 
Economy  in  construction,  355. 

applying  materials,  37. 
Elastic  flexibility,  29* 
Elasticity,  brittle  substances,  31. 

co-efficients  of,  29,  30. 

limit  of,  defined,  31. 

modulus,  how  expressed,  30. 

strength  and  resilience,  moduli,  36. 

of  timber,  129. 

and  temperature,  35. 

of  wire,  affecting  dip  or  sag,  100. 
Elastic  or  proof  strength  defined,  31. 
Electrical  cement,  176. 
Embanking,  filling  holes,  159. 
Endogenous  wood,  118. 
Energy,  kinetic,  21,  22. 

potential,  22. 

of  shock  (proof  strain),  34. 
English  bond  (brickwork),  184,  185. 
Equilibrium  of  forces,  1,  8,  11. 

couples,  11. 
Erection  of  (poles,  &c),  375. 

masts,  284. 

wire,  377. 

wire  on  high  masts,  382. 
Estimating,  356. 

Exaggeration  (section  scales),  318. 
Excavating,  154. 
Eyebolts  for  wire,  296. 
Eye  on  end  of  single  wire  or  rope,  223. 

splice,  wire  rope,  223. 

Factor  of  safety  defined,  31. 

telegraph  cables,  391. 
Factors   of   safety,    brickwork    and 
masonry,  187. 

cast  iron,  194. 

generally,  32. 

iron  ties  and  stays,  215. 

malleable  iron,  214. 

ropes,  282. 

timber,  131. 
Falling  bodies,  velocity  of,  2. 
"Faraday"  cable  ship,  395. 
Fastenings  for  ironwork,  219-223. 


Fastenings  for  metal,  in  timber,  128. 
Felling  trees,  seasons  for,  120. 

modes  of,  123. 
Fid  (masts),  146. 
Field  book,  314. 
Files,  floats,  and  rasps,  293. 
Fished  joints,  134. 
Fitting  (mast  building),  150. 
Flanged  beams,  57. 

functions  of  web,  61,  65. 
Flemish  bond  (brickwork),  184. 
Flexibility,  elastic,  defined,  29. 
Flexure,  moment  of,  59. 
Fluid,  friction,  106. 

perfect,  defined,  103. 

pressure,  resultant,  &c,  104. 

resistance,  105,  106. 
Flush  or  draw  boxes,  382. 
Fluxes  for  soldering,  304. 
Flying  levels,  316. 
Force  defined,  1. 

measures  of,  2. 

measured  by  momentum,  19,  20. 

moment  of,  9. 

relation  to  body  defined,  1. 

resultant  defined,  3. 

several  ways  applied  to  materials, 
36. 

unit,  kinetic,  2. 

unit,  gravity,  2. 

units  compared,  2. 

units  in  practice,  2. 
Forces,  component,  defined,  3. 

composition  and  resolution  of,  3-8. 

and  couples,  composition  of,  12,  13. 

distributed,  14. 

equality  of,  1. 

parallelogram  of,  4. 

parallelopiped  of,  5. 

parallel,  11. 

polygon  of,  5. 

represented  graphically  and  alge- 
braically, 3. 

triangle  of,  4. 
Formulae  for  beams,  73. 

trigonometrical,  311. 
Foundation  defined,  74. 

joint,  stability  at,  163. 
Foundations,  artificial,  165. 

depth  of,  163. 

mixed  strata,  166. 

natural  and  artificial,  defined,  162. 

on  earth,  163. 

on  soft  earth,  164. 

on  rock,  163. 

on  sand,  166. 
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Foundations,  sinking  of,  162. 

under  water,  166. 
Fox's  rule,  flat-linked  chains,  49. 
Fracture,  brittle  substances,  45. 

phenomena  of,  35,  36. 

by  bending  load,  56. 

by  pressure,  38. 

by  tension,  45. 

steel,  243. 
Fractures,  successive,  by  tension,  45. 
Frame  defined,  75. 

Frames,  rigidity,  stress,  strain,  sta- 
bility, and  strength  of,  75-84. 

horizontal  thrustor  resistance  of,  82. 

lines  and  centres  of  resistance  in, 
75. 

open,  82. 

staying  and  bracing,  83. 

trussed,  82. 

of  three  or  more  bars,  80. 

two-bar,  77. 
French  Atlantic  cable,  392. 

measures,  area,  2,  307. 

measures,  length,  2,  307. 

measures,  mass,  2. 

measures,  moduli  of  elasticity,  30. 

measures,  specific  gravity,  17. 

polish,  300. 

rule  for  load  on  ironwork,  215. 
Frictional  stability  of  earth,  26,  91, 

154. 
Friction,  24. 

of  cable  in  water,  112,  113. 

co-efficient  of,  24,  27. 

driving  bands  and  drums,  27. 

fluid,  106. 

rope  round  cylinder,  26. 

stability  of,  26,  92,  94. 

surfaces  and  materials  varied,  24, 
25. 

unguents,  their  effects,  24,  25. 
Funicular  polygon,  84. 
Furniture  and  fittings  for  offices,  408. 
Fusion,  effects  of,  repeated  (cast  iron), 
191. 

Galvanising,  204. 

and  varnishing  wire,  349. 
Gauges,  wire,  &c,  234,  296. 
Gauss'  absolute  unit  force,  2. 
Gin  or  gyn,  285. 
Girder  (see  Beam). 

and  cantilever  compared,  61. 

defined,  55. 

shearing  force  and  bending  moment, 
60. 


Girder,  strength  proportioned  to  bend- 
ing moment,  68. 
Girders,  box,  lattice,  and  tubular,  65. 
Glue,  common,  175. 

marine,  175. 
Goodyear's  process  (vulcanising),  267. 
Grapnel  rope,  tension  on,  115. 
Gravity   and    absolute   units    com- 
pared, 2. 

centre  of,  16. 

centre  of,  and  stability,  95. 

specific,  17. 

unit  force,  2. 

unit  work,  23. 

variation  of,  2. 

work  done  against,  21. 
Gros3  load,  35. 

load  on  beam,  70. 
Grouting,  173. 
Growth  of  trees,  118. 
Guards,  iron,  on  cables,  387. 
Gutta-percha,  252. 

cable  core,  386. 

core  jointing,  257. 

lead-coated  joints,  352. 
Gypsum,  or  plaster  of  Paris,  174. 

Hamilton's  iron  poles,  216. 

Hancock's  process  (vulcanising),  267. 

Handles  to  percussive  tools,  294. 

Head,  mast,  143. 

Heat,  source  of,  for  soldering,  303. 

Heel,  mast,  143. 

Height  of  poles  and  wires,  326. 

Hempen  core  covering,  386. 

ropes,  279. 
Hill  lines,  setting  out,  368. 
Hodgkinson's  formulae  for  pillars,  41. 
Holes  for  poles,  digging,  374.' 

for  poles  in  rock,  326. 
Homogeneous  metal,  241,  244. 

wire  (tenacity),  244. 
"Hooper"  cable  ship,  395. 
Hooper's  cable  core,  270. 

compounds  for  cables,  278. 
Horn,  276. 
Hounds  (masts),  144. 
Housing  (masts),  143. 
Huts,  cable,  325. 
Hydraulic  cements,  171 . 

lime,  170. 

mortar,  171. 
Hydrostatic  principles    and    deduc- 
tions, 103. 

Immersion,  angle  of,  109,  110. 
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Impact  and  vibration,  effects  of,  33. 
India,  office  fittings  in,  403. 
India  rubber,  261. 

absorption  of  water  by,  263. 

action  of  heat  on,  265. 

cable  core,  269. 

cable  core,  jointing,  271. 

cement,  176. 

chemical  properties  of,  265. 

indurated  (ebonite),  268. 

manufacture  of,  262. 

solvents  of,  264. 

sources  of  supply,  261. 

specific  gravity,  263. 

vulcanising,  266.  _ 
Indian  wire  gauge,  235. 
Inertia,  19. 

centre  of,  17,  19. 

moment  of,  19. 
Inspection  of  lines,  411. 
Instruments,  drawing,  316. 

levelling  and  surveying,  307. 
Insulating  material,  Hooper's  patent, 
278. 

material,  Madsen's,  279. 

materials,  252. 
Insulator,  asphalt  as  an,  178. 

cements,  174. 
Insulators  (line),  attachment  and  sup- 
port of,  336. 

attachment  of  wire  to,   342,   347, 
382. 

angle  and  double,  343. 

described,  339. 

hooded,  340. 

porcelain,  274. 

shackle,  344. 

fixing  stalks  in,  343. 

stretching  or  winding,  342. 

supporting  and  suspending   com- 
pared, 340. 

swinging,  341. 

testing  or  control,  342. 
Iron,  alloys  of,  tinning,  galvanising, 
204. 

properties,  composition,  &c,   188, 
196,  203. 

refining,  189. 

smelting,  198. 
Iron,  malleable,  196. 

beams,  225. 

beams,  deflection,  72,  215. 

Bessemer,  199. 

cable  huts,  237. 

and  cast  iron  (stiffness),  205. 

and  cast  iron  in  combination,  206. 


Iron  cells  as  struts,  42. 

corrosion    and   preservation.    225, 
238. 

co-efficient  of  expansion,  204. 

effects  of  vibration,  &c,  on  tex- 
ture, 207. 

effects  of  forging  and  rolling  on 
strength,  200. 

effects  of  loads  exceeding  proof,  45. 

manufacture,  197. 

masts,  227. 

mechanical  properties,  203,  205. 

modulus  of  elasticity,  219. 

proof  strength,  factors  of  safety, 
214. 

red  short  and  cold  short,  190,  206. 

rolling  bars  and  plates,  202. 

and  steel  welding,  247. 

strain,  ultimate,  212. 

struts,  223. 

telegraph  poles,  216,  226,  326. 

tenacity  at  different  temperatures, 
203. 

texture  affecting  strength,  46,  200. 

in  telegraph  construction,  236. 

ties,  224. 

weight  formula  for  bars,  plates,  and 
wire,  202. 
Iron  wire,  tenacity  of,  21 1. 

and  wooden  structures  compared, 
238. 
Ironwork,  deflection,  215. 

fastenings  for,  219. 

testing,  215. 

working  load,  215. 
Isometrical  projection,  319. 
Ivory,  276. 

Joggles  and  wedges  (timber  joints), 

132. 
Joining  gutta-percha  core,  257. 

India-rubber  core,  271. 

lead-coated  gutta-percha  core,  352. 

ropes,  283. 

timber,  principles  of,  133. 

timber,  straps,  133. 

thick  and  thin  cables  together,  388. 

wire  on  ground,  378. 
Joint  boxes,  351. 

Britannia,  346. 

levers,  hooks,  and  holders,  296. 

plane,  stability,  92. 

stability  at  foundation,  163. 

twisted,  or  bellhanger's,  346. 
Joints,  allowance  for,  in  deflection, 
215. 
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Joints  in  beams,  135. 
between  beams,  135. 
in  cable  conductor,  386. 
in  cables  (splices),  399. 
classified,  131,  133. 
denned,  74. 
fished,  134. 
in  ironwork,  222. 
in  masts,  135,  152. 
mortice  and  tenon,  135. 
oblique,  strut  meeting  beam,  &c. 

(timber),  136. 
post  and  beam,  135. 
riveted,  213,  219,  221. 
scarfed,  134. 
shouldered  tenon,  135; 
in  struts,  135. 
in  ties,  133. 

welded,  strength  of,  202. 
wire,  223,  346. 

Keys  and  wedges,  221. 
Killing  wire,  233,  279. 
Kinetic  energy,  21. 
Knots  in  ropes,  27,  283. 

in  timber,  to  detect,  121. 
Knot  in  timber,  120. 

Labour  of  brickwork  and  masonry, 
185. 

of  boring  rock,  161. 

of  earthwork,  160. 

estimate  for,  361. 

hints  on,  419. 

organisation  of,  378. 
Lashings  to  tighten,  54. 
Latticework  poles,  65. 
Laying  long  and  short  cables,  395. 

strands,  cable  conductor,  386. 
Lead,  251. 
Lead -coated       gutta-percha      core 

(joints),  352. 
Length  of  wire  (catenary),  99. 

measures  of,  British  and  French, 
307. 
Level,  mirror,  308. 

spirit,  295. 

telescopic,  309. 

water,  309. 
Levelling  defined,    and    definitions, 
306. 

operations  of,  315. 
Levels,  flying  (verifying),  316. 
Lever,  principle  of,  11. 
Lightning  and.  contact  wires,  347. 
dischargers  for  offices,  406. 


Lightning  spikes,  wires,  and  other 

pole  fittings,  376. 
Lime,  pure,  rich,  or  fat,  168. 

hydraulic,  170. 
Limit  of  elasticity,  31. 
Limiting  length  of  span  wire,  97. 
Limit  to  size  in  construction,  35. 
Line  of  resistance  (frames),  76. 
Line  wires,  straining  up,  283. 
Lines,  construction  of,  365. 

designing,  323. 

drawings  of,  321. 

estimates  for,  356. 

local,  and  offices,  352. 

numbering,  for  distinction,  335. 

railway,  distance  from  rails,  323. 

selection  of  routes  for,  323. 

setting  out,  365. 

setting  out  on  hills  and  slopes,  368. 

setting  out,  angle  poles  and  ties, 
366. 

setting  out,  town  overhead,  369. 

temporary,  218,  326,  382. 

underground,  349,  369. 
Live  load  defined,  32. 
Load  applied  with  impact,  33. 

bending,  fracture  by,  56. 

dead,  32. 

defined,  29. 

distribution  of,  on  beam,  61. 

exceeding  proof  load  (iron),  46. 

gross  defined,  in  designing,  35. 

live,  32. 

moment  of,  beams,  59. 

on  angle  poles,  86. 

proof,  31,  32. 

and  stress  in  frames,  76. 

and  strain,  their  relation,  31. 

transverse,  55. 

ultimate  or  breaking,  defined,  31. 

working,  defined,  31. 

working  on  iron  structures,  215. 

working  on  timber,  131. 

brickwork  and  masonry,  186. 
Loads  on  beams,  above  and  below 
proof,  56. 

factors  of  safety  for  dead  and  live, 
32. 
Local  lines  and  offices,  352. 
London,  central  office,  405,  407. 
Lubricants,  unguents,  24. 

Machines  for  covering  cables,  387. 
Madsen's  insulator  for  cables, '279. 
Magnetic  compass  (surveying),  308. 
Malleable  iron  (see  Iron). 
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Malleable  cast  iron,  192,  196. 
Mallet's  buckled  platea,  214. 

or  Poncelet's  co-efficient,  50. 
Mallet,  serving,  297. 
Manganese  in  steel,  effects  of,  243. 
Manilla  ropes,  279. 
Marine  glue,  175. 
Masonry  and  brickwork,  179. 
and  brickwork  combined,  185. 
bond  in,  182. 

dry  stone  for  facing  banks,  183. 
dry  stone  cairns  for  poles,  183. 
factors  of  safety,  187. 
fixing  ties  and  stays  to,  332. 
labour  of,  185. 
mixed  kinds  of,  183. 
obelisks  for  wire,  184. 
plinths  for  poles,  183,  374. 
pointing,  187. 
poles,  cantilevers,  &c,  inserted  in, 

187. 
qualities  of,  181. 
rubble,  183. 

rules  for  construction  of,  180. 
shaping  and  dressing  stones,  181. 
technical  terms,  178. 
thickness  and  volume  of  mortar, 
182. 
Mass  denned,  19. 

units  of,  2. 
Mastic,  asphaltic,   for  underground 

lines,  &c.,  177,  352. 
Mast-building,  140. 
Mast,  compound,  details  of,  143. 
defined,  123. 

depth  inserted  in  ground,  139. 
head,  145. 

stays  and  their  attachment,  139. 
top,  147. 
Masts  classified,  standing  and  com- 
pound defined,  138. 
climbing,  149. 
depth  buried,  139. 
examples  of  ships,  147. 
examples  of  telegraph,  148. 
fitting  caps,  &c. ,  150. 
iron,  erection  of,  227,  284. 
iron  in  navy,  227. 
iron,  telegraph,  229. 
heights  of  telegraph,  148. 
joints  in,  63,  152. 
protection  of,  139. 
proportions  of,  simple,  139,  152. 
putting  wire  on  high,  382. 
rake  of,  151. 
selection  of  timber  for,  138,  353. 


Masts,  sites  for,  324, 370. 

standing  and  compound  compared, 

151. 
staying,  149. 

telegraph  and  ships,  compared,  151. 
telegraph,     considered     as     fixed 

beams,  62. 
telegraph,  faults  in  construction  of, 

152. 
topgallant  and  royal,  147. 
trimming  and  shaping,  139. 
Materials,    conditions    imposed   by 
nature  of,  34. 
economical  application  of,  37. 
estimates  for,  359. 
Measures  of  length  and  area,  British 

and  French,  307. 
Measuring  on  ground,  309. 
Mechanical  drawing,  319. 
Messages,     conveyance    over    office 

building,  407. 
Mirror  level,  308. 
Models,  relative  strength  of,  35. 
Modulus  of  catenary,  95. 
resistance  to  crushing,  40. 
tenacity  (working  or  practical),  47. 
tenacity  of  cable,  108. 
Moduli  of  strength,   elasticity,  and 
resilience  for  same  material,  36. 
numerical,  precautions  in  applying, 

37. 
practical  and  working  (cables),  48. 
Moment,  bending,  or  moment  of  flex- 
ure, 58. 
bending,  in  cantilever,  60. 
bending,  in  girder,  60. 
of  couple,  10. 
of  force,  Ac,  9. 
of  inertia,  19. 
of  load  on  beam,  58. 
of  momentum,  21. 
of  stability  of  body,  93. 
of  torsive  load,  53. 
Momentum,  20. 
Moment  of  velocity,  20. 
Mortar,  adhesion  of,  173,  187. 
common,  169,  172. 
hydraulic,  170. 
volume  and  thickness  of,  183. 
Mortice  and  tenon  joints,  135. 
Muirhead's  cement  (insulator),  175. 
Multiple  conductor  cables,  387. 
Muntz's  metal,  252. 

Nails,  description  and  application  of, 
131. 
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Nails,  holding  power  of,  131. 
Neutral  axis  in  beams,  56. 

plane  in  beams,  55. 
Nippers,  wire,  292. 
Nomenclature  of  circuits,  409. 

Obelisks  for  supporting  wire,  184. 
Office  arrangements,  distribution  of 
instruments,  406. 
arrangements,  battery  room,  407. 
arrangements  for  testing,  407. 
arrangements  for  distributing  and 

collecting  messages,  407. 
commutators       and       connection 

boards,  405. 
fittings,  &c,  403. 
furniture,  &c,  408. 
Offices,  drawings  of,  321. 
examples  of,  viz.  :— 
America  (Western  Union),  405. 
Berlin,  404,  406. 
India,  405. 
London,  405,  407. 
Paris,  404,  405,  407. 
Offices,  local  lines  and,  352. 
Office  wires,  arrangement  of,  403. 

wires,  leading  in,  403. 
Oils,  drying,  278. 
Ordinate  (catenary),  96. 
Organisation,  telegraph,  413. 

of  labour,  373. 
Orthographic  projection,  320. 
Oudroic,  279. 
Over-house  wires,  381. 

Packing,  distribution  and  transport 

of  material,  372. 
Paint  for  wire  ties,  &c,  225. 
Painting,  varnishing,  polishing,  299. 
Paper  drawing,  317. 
Parabola  and  catenary  compared,  102. 
Paraffin,  277. 
Parallel  forces,  11. 
Parallelogram  of  couples,  11. 

of  forces,  4. 
Parallelepiped  of  forces,  5. 
Parameter  (catenary),  95. 
Paris,  central  office  at,  404,  405,  407. 
Parker's  cement,  173. 
Parkes'  process  for  vulcanising,  267. 
Partners  (masts),  143. 
Perspective  projection,  319. 
Pickets  for  guys,  tackle,  &c,  288. 
Picking  up  cable,  398. 
Pieces  of  structure  defined,  74. 
Pike  poles,  287. 


Pillars  of  different  materials    com- 
pared, 44. 
iron,  strength  of  long  and  short,  40. 
Pitch  of  rivets,  219. 
Plan  (surveying),  306. 
Plane  joint,  conditions  of  stability  at, 
92. 
joint,  moment  of  stability  at,  93. 
Plane  table,  315. 
Plans  of  offices  recorded,  408. 

scales  for,  317. 
Plaster  of  Paris,  174. 
Pliability,  co-efficient  or  modulus  of, 

29 
Plinths'  for  poles,  183,  375. 
Plotting  surveys,  318. 
Plumb  rule,  295. 
Pointing,  187. 
Pole  angle  and  tie,  78. 
fittings  and  fastenings,  66. 
holes,  326. 
holes,  boring,  157. 
holes,  digging,  153,  156,  374. 
holes,  filling,  92,  159. 
roofs  or  rain  caps,  348. 
selection  of  pattern,  325. 
Poles,  angle  contiguous  on  curves,  84. 
angle,  loads  on  (table),  86. 
angle,  pegging  out,  366. 
arrangement  of  wires  on,  338,  347. 
attachment  of  insulators  to,  336. 
bamboo,  218,  326. 
box  and  lattice,  65. 
cast  iron,  195. 
considered  as  beams,  64,  68. 
considered  as  struts,  44. 
coupled,  or  A,  66,  329. 
draw,  329. 

earthplates  and  cross-feet  for,  327. 
erecting,  375. 
erecting  on  rock,  326. 
erecting  on  inclined  ground,  377. 
examples  of,  325. 
heights  of,  327. 
high,  built  or  compound,  329. 
hold  on  earth  of,  92,  326. 
iron  (malleable),  216. 
iron,  strength  of,  226. 
masonry  plinths  and  cairns  for,  374. 
metal,  special  patterns,  65. 
numbering  of,  335i 
number  per  mile,  328. 
rake  of,  330. 
sites  for,  365. 

strength  of  iron  and  wooden  in 
practice,  325. 
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Poles,  stmts  for,  334. 
strutted  and  tied,  86. 
stays  and  ties,  their  application  to, 

331. 
terminal,  329. 
testing  or  control,  342. 
trussed,  86,  329. 
Polish,  French,  300. 
Polishing,  299. 
Polygon,  funicular,  84. 
of  couples,  11. 
of  forces,  5. 
Poncelet's  or  Mallet's  co-efficient,  50. 
Porcelain,  274. 
Portland  cement,  173. 
Position,  stability  of,  92. 
Potential  energy,  22. 
Pozzolanas,  171. 
Pressure,  atmospheric,  105. 
fluid,  104. 

resistance  of  materials  to,  38. 
tests  for  cables,  402. 
to  indent  wood,  44. 
Pressures,  line  of  (blockwork),  94. 
Pressure,  wind,  105. 
Prismatic  compass,  308. 
Projection,  perspective,  orthographic, 

and  isometrical,  319. 
Proof  load,  31,  32. 
load,  beams,  56. 
load,  cast  iron,  194. 
load,  malleable  iron,  214. 
load,  masonry  and  brickwork,  187. 
load,  ropes,  281. 
load,  timber,  131. 
strain,  34. 
Protection  of  cables  in  rivers,  403. 

of  timber  from  rot  and  insects,  126. 
Protracting,  318. 

Prussian  specification  for  wire,  346. 
Puddle,  clay,  160. 
Puddling,  198. 
Punching,  51. 

Quarters  (masts),  143. 

Radius  (catenary),  96. 

Railway,  distance  of  telegraph  from, 

323. 
crossings,  377. 
Eain  caps  or  pole  roofs,  348. 
Bake  of  masts  and  poles,  151,  330. 
Ramming  earth  round  poles,  &c,  92, 

159. 
Ranging  lines  (setting  out),  310. 

■s,  293. 


Red  and  cold  shortness  in  iron,  190, 

206. 
Refraction,   correction   for   (survey- 

ing),  316. 
Repairs,  checks  on,  412. 
classified,  409. 
estimating  for,  364. 
execution  of,  411. 
materials  and  tools  for,  411. 
Report  of  completion,  364. 

on  telegraph  project,  356. 
Repose,  angles  of,  26. 
Resilience  or  spring,  its  modulus,  33. 
strength  and  elasticity,  moduli  of, 
36. 
Resin  and  ashes  cement,  175. 
Resistance,     centre     of,     of    joint 
(frames),  76. 
centre  of,  plane  joint,  92. 
fluid,  105. 

line  of,  in  frame,  76. 
Resultant  of  couples  defined,  11. 
of  forces  defined,  3. 
of  force  and  couple,  12. 
of  forces  and  couples,  13. 
of  parallel  forces,  13. 
Rigidity  or  stiffness  defined,  its  mo- 
dulus, 29. 
in  designing  beams,  &c,  72. 
of  structure  defined,  75. 
River  cables,  choice  of  site,  325,  371. 
cables,  description  of,  353. 
cables,  protection  of,  402. 
soundings  for  cable  laying,  371. 
span,  erecting,  379. 
span,  terminating  wire,  382. 
span,  sites  for  masts,  324. 
Rivers,  motion  of  water  in,  106. 

stability  of  channels  of,  107. 
Rock,  erecting  poles  on,  326. 
foundations,  163. 
labour  of  boring,  161. 
Roman  or  Parker's  cement,  173. 
Rope  hemp,  Manilla,  279. 
joints  in,  and  knots,  283. 
proof  strength,  factors  of  safety,  282. 
strength  of,  281. 
tarred,  280. 

tenacity  when  doubled,  49. 
twisting  fibres  into,  54. 
wire,  splicing,  &c,  223. 
Rot  in  timber,  127. 
Route  for  line,  choice  of,  323. 
Royal  masts,  147. 
Rubble  masonry,  183. 
Rule,  plumb,  295. 
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Run  steel,  241, 

Sapwood,  118. 

Saws,  292. 

Scales  for  plans  and  sections)  317. 

Scarfed  joints,  134. 

Scissors  and  shears,  290. 

Screw-drivers  and  spanners,  298. 

Screws,  holding  power  of,  132. 

(ironwork),  220. 
Sealing-wax  varnish,  300. 
Seasoning  and  drying  timber,   117, 

123. 
Section  (levelling),  306. 
Sections,  scales  for,  317. 
Semi-steel   or   homogeneous   metal, 

243. 
Serving  mallet,  297. 
Set,  30,  32. 
Setting  out  angles,  366. 

on  inclines  and  hills,  368. 

overhead  lines,  365. 

river  spans,  370. 

river  cables,  371. 

town  lines  (aerial),  369. 

underground  lines,  369. 
Sextant  box,  308. 
Shackle  insulator,  344. 
Shafting,  53. 
Sharpening  tools,  291. 
Shearing  defined,  36. 

force  of  load  in  beam,  58. 

phenomenon  of,  50. 

resistance  to,  of  timber,  51. 

resistance  compared  with  tenacity, 
50. 

stress  in  beams,  60. 

stress  in  flanged  beams,  61. 

stress,  its  distribution,  50. 
Shears  or  scissors,  290. 

hand,  for  lifting,  287. 

or  shear  legs,  287. 
Ships'  masts,  examples  of,  147. 

and  telegraph  masts  compared,  151. 
Shocks  and  vibration  affecting  tex- 
ture of  iron,  207* 
Sickness  amongst  workmen,  420. 
Sights,  fore  and  back  (levelling),  315. 
Siticated  asphalt  for  cables,  179. 
Silicon  in  steel,  243. 
Sinking,  velocity  of  (cable),  106,  108. 

velocity  of,  longitudinally,  110. 

velocity  of,  transversely,  111. 

of  new  earthwork,  160. 
Sites  for  masts  and  river  cables,  324. 
Skin  on  iron,  56,  191,  193,  200,  294. 


Slack  allowed  in  laying  cables,  395. 
Slopes  of  earthwork,  91,  153,  159. 
Smelting  iron  ore,  189. 
Soldering  alloys,  302. 

alloys,  melting  points  of,  302. 

description  and  conditions,  300. 

fluxes,  304. 

hard,  305. 

soft,  305. 

sources  of  heat  for,  303. 
Sounding,  310,  316. 

rivers  for  cables,  371. 
Space,  French  units  of,  2. 
Spanners,  298. 
Span  wire,  dip  equation,  97. 

wire,  limiting  length,  98. 
Spar  defined,  123. 

Specific  conductivity  of  cable  con- 
ductors, 385. 
Specifications  for  cable  wire,  234 

line  wire,  230. 

line  wire,  Prussian,  346. 

telegraph  work,  356. 
Spirit  level,  295. 
Splicing  cables,  399. 

wire  rope,  223. 
Spring  or  resilience,  its  modulus,  33. 
Stability  of  blockwork,  92. 

earth,  26,  91,  153. 

friction,  26. 

frames,  84. 

river  channels  (table),  107, 

structure  defined,  74. 

at  foundation  joint,  163. 

and  position  of  centre  of  gravity, 
95. 
Stalks,  fixing  insulator,  343. 
Statics  and  dynamics  defined,  &c, 
1,  18. 

fundamental  principles,  3. 
Statical  measure  of  force,  2. 
Stations  and  station  lines  (survey- 
ing), 306. 
Stay  defined,  77. 
Staying  frames,  83. 

masts,  139,  149. 
Stays  and  ties,  attachment  to  poles, 
330,  376. 

attachment  to  masonry,  332. 

anchors  for,  332. 

appliances  for  tightening,  334. 

ereotion  of,  333. 
Stays,  cross,  330. 

Steel-appearances  of  fractured    sur- 
faces, &c,  243. 

applications,  tools,  &c,  246. 
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Steel,  Bessemer,  198,  240. 

blister,  cementation,  240. 

cast,  241. 

co-efficient  of  expansion,  242. 

composition  of,  243. 

corrosion  of,  246. 

deflection  permitted  in  practice,  72. 

density,  &c,  242. 

effects  of  manganese  in,  243. 

effects  of  silicon  in,  243. 

hardening,  241. 

joining,  246. 

mechanical  properties,  243. 

production  of,  240. 

punching,  246. 

run,  241. 

semi,  steely  iron,  or  homogeneous 
metal,  241,  243. 

shear,  241. 

strength  and  selection  of,  243. 

tempering,  241. 

tenacity,  244. 

in  telegraph  construction,  248. 

welding,  243. 

welding  to  iron,  247. 

wire  and  its  application,  244,  248, 
345. 

working  load  on,  246. 
Stiffness,  33. 

or  rigidity  denned,  its  modulus,  29 

torsive,  53, 
Stirrups,  133. 
Stones,  shaping,  dressing,  and  facing, 

181. 
Stoppers  for  line  wires,  297. 

rope,  283. 
Stores    or  materials,   estimates  for, 

359. 
Storing  cables,  402. 
Stowage  of  cables  on  shipboard,  392. 
Strain  defined  and  expressed,  29. 

and  load,  their  relation,  31. 

proof,  and  shock  producing  it,  34. 

and  stress,  transverse,  55. 
Straining  tackle,  283. 

up  line  wires,  283,  378. 
Stranded  wire,  its  uses,  236,  345. 
Straps  for  joining  timber,  133. 
Strength,   elasticity,  and  resilience, 
their  moduli,  36. 

of  cables,  389. 

and  elasticity  of  cable  core,  386. 

of  iron  and  wooden  poles  in  prac- 
tice, 325. 

relative,  of  large  and  small  masses, 
34. 


Strength,  relative  to  internal  struc- 
ture, 36, 118. 

of  struts,  40. 

of  structure  defined,  74. 

of  timber,  118,  129. 
Stress  in  beams,  56,  60. 

defined,  its  intensity,  29. 

distribution,  75. 
in  frames.  75. 

horizontal,  in  frame,  82. 

open  frame,  82. 
Stretching   or    winding    insulators, 

342. 
Structure  defined,  74. 

strength,  stability,  and  rigidity  of, 
74. 

of  wood  (organised),  118. 
Structures,  conditions  of,  their  effi- 
ciency and  durability,  74. 
Strut  defined,  40. 

equilibrium,  unstable,  76. 

generally  inferior  to  tie,  77. 

and  tie  frame,  78. 
Struts  of   different   materials  com- 
pared, 44. 

frame  of  two,  77. 

iron,  223. 

joints  for  lengthening  (timber),  135. 

long  and  short,  strength  of,  40. 

long,  and  beams  compared,  44. 

oblique  meeting  beam,  post,  or  tie, 
136. 

poles  considered  as,  44. 

for  poles,  334. 

timber,  formulse  for,  41 . 
Strutted  and  tied  poles,  86. 
Sulphur  cements,  175. 
Superintendence  estimate,  363. 
Surface  protection  of  timber,  126. 
Surveying  by  angular  measurements, 
315. 

corrections  for  refraction  and  cur- 
vature, 316. 

with  chain,  313. 

defined,  306. 

with  plane  table,  315. 

and  levelling  instruments,  307. 
Surveys,  checking,  313. 

plotting,  318. 
Swinging  insulator,  341. 

Tackle  for  straining  wires,  &c,  283. 

Tangent  (catenary),  96. 

Taper  in  cables,  388. 

Tar  and  clay  cement  or  luting,  179. 

Tarred  ropes,  279. 
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Technical  terms,  carpentry,  122. 
brickwork  and  masonry,  179. 
Telegraph  masts,   heights  attained, 
148. 
masts,  examples  of,  148. 
and  ships'  masts  compared,  151. 
Telescopic  level,  309. 
Temper  of  tools,  294. 
Temperature  and  elasticity,  35. 
affecting  tenacity,  48. 
and  strength  (ca"st  iron),  193. 
Temporary  wires,  straining  up,  382. 
Tenacity   affected   by   structure  or 
texture,  46. 
form  of  section,  47. 
temperature,  48. 
shocks,  48,  49. 
annealing,  49. 

of  chains  and  rods  compared,  49. 
of  doubled  rope,  49. 
modulus  of,  47. 

resistance  to  crushing,  and  trans- 
verse strength,  relative,  56. 
Tenon  and  mortice  joint  (timber), 
135. 
shouldered  joint,  135. 
Tension  on  cable  at  ship,  112. 
on  cable,  paying  out  stopped,  114 
on  cable  being  raised,  115. 
on  bight  and  grapnel  rope,  115. 
phenomena  of  fracture  by,  45. 
on  wire,  97. 

on  wire,  effect  of  elasticity,  100. 
on  wire,  effect  of  change  of  tem- 
perature, 100. 
on  wire  from  inclination  at  insu- 
lator, 115. 
Tents,  418. 
Terminal  poles,  329. 
Terminating  wires,  381. 
at  river  crossings,  381. 
Testing  arrangements  in  offices,  407. 
balls,  343. 

cables  by  pressure,  402. 
chains,  215. 
cast  iron,  196. 
or  control  poles,  342. 
iron  work,  214. 
materials,  32. 
ropes,  282. 
Theodolite,  308. 
Thrust,  horizontal,  of  frame,  82. 
Tie  defined,  47. 
efficiency  of,  78. 
equilibrium  stable,  76. 
and  strut  (angle  pole),  78. 


Tie  and  strut  compared,  77. 
Tied  and  strutted  poles,  86. 
Ties,  frame  of  two,  77. 

iron,  224 

iron,  paint  for,  225. 

joints  for  lengthening  timber,  133. 

and  stays,  anchors  for,  332. 

and  stays  attaching  to  masonry, 
188,  332. 

and  stays,  appliances  for  tighten- 
ing, 334 

and  stays,  erection  of,  333. 

and  stays,  &c  fitting  of,  376. 

and  stays,  making  and  applying, 
330. 
Timber  (see  Wood). 

beams,  deflection,  72. 

beams,  strength  constants,  131. 

defined  and  classified,  122. 

durability  of,  129. 

examination  and  testing  of,  121. 

factors  of  safety,  131. 

hot  air  seasoning,  124. 

joining,  131. 

resistance  to  shearing,  51. 

seasoning  and  drying,  117,  123. 

steaming  and  boiling,  125. 

strength  arid  elasticity.  129. 

struts,  formulae  for,  42. 

surface,  protection  of,  126. 

testing  for  faults,  121. 

warping  of,  126. 
Tin,  251. 

Tinning  and  galvanising,  204. 
Tools,  abrading,  293. 

application  to  iron,  294 

boring,  292. 

construction,  355. 

cutting,  289. 

earthwork,  154. 

hints  on,  421. 

percussive,  294. 

for  repairs,  411. 

sharpening,  291. 

temper  of,  294. 

wire  nippers,  292. 
Topgallant  and  royal  masts,  147. 
Topmasts  described,  147. 
Torsion  defined,  51. 

resistance  to,  51. 
Torsive  moment  of  load,  52. 

strength,  tables  of,  53. 
Toughened  cast  iron,  192,  194,  243. 
Town  lines,  setting  out,  3G9. 
Traction,  angle  of,  26. 
Transport  /estimate),  360. 
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Transport,  372. 

Transverse    crushing     and     tensile 
strengths,  their  relation,  56. 

load,  strain,  and  stress  (see  beam), 
55. 

strength  of  tubes,  64. 
Trees,  ages  at  maturity,  122. 

felling,  season  for,  120. 

felling,  modes  of,  123. 

heights  of,  120. 
Trestle  trees,  144. 
Triangle  of  forces,  4. 
Triangles,  chaining,  313. 

ill-conditioned,  313. 
Trigonometrical  formuls?,  311. 
Truss  defined  and  described,  82. 
Trussed  poles,  87. 

coupled,  and  A  poles  (their  use), 
329. 
Tubes,  transverse,  strength  of,  64. 

for  underground  lines  (laying),  382. 
Tubular  masts,  joints  in,  65. 
Turpentine  varnish,  300. 
Twisting  wires  and  fibres,  54. 

Ultimate  strength  defined,  31. 
Underground  lines,  349. 

in  asphalt,  178. 

flush  or  draw-boxes,  382. 

inserting  wire,  383. 

laying  tubes,  382. 

sizes  of  wire  used,  382. 
Unguents,  lubricants,  24. 
Unit  force  British,  2. 

„      „      defined,  2. 

„     „     French,  2. 

„     ,,     Gauss' absolute,  2. 

„     ,,      gravity,  2. 

,,    mass,  2. 
Units  force  compared,  2. 

force  in  practice,  2. 

of  mass,  time,  and  space,  2. 

of  work  (gravity  and  absolute),  23. 

Varnishing  and  galvanising  wire, 
349. 

and  painting,  299. 
Varnish,  turpentine,  300. 
Velocities,   composition  and  resolu- 
tion of,  20. 

graphical  representation  of,  20. 
Velocity  defined,  19. 

of  falling  bodies,  2. 

moment  of,  20. 

of  sinking  cable,  108. 

uniform  and  accelerated,  20. 


Vibration  and  impact,  effects  of,  33. 
and  shocks,  influence  on  texture 
and  strength,  50,  207. 
Vulcanite  and  ebonite,  268. 
Vulcanised  gutta-percha,  261. 
Vulcanising  processes,  266. 

Warping  of  timber,  126. 

Water,  fresh  and  salt,  heaviness,  104. 

level,  309. 

motion  in  rivers,  &c,  106. 

seasoning  (timber),  125. 
Web  in  flanged  beams,  its  functions, 

58,  61. 
Wedges  and  keys  in  ironwork,  221. 

and  joggles  in  carpentry,  132. 
Weight  of  copper  wire,  formulae,  250. 

of  iron   wire,   bars,    and   plates, 
formulae,  202. 
Welding,  strength  of  joints,  202. 

iron  and  steel  together,  247. 

steel,  243. 
Whitworth's  wire  gauge,  235. 
Wind  pressure,  105. 
Winding  or  stretching  insulators,  342. 
Wire  across  river,  erecting,  379. 

attachment  to  insulators,  342,  346, 
382. 

compound  (American),  250. 

copper,  for  cable  core,  249,  385. 

copper,  formulas  for  weight  of,  250. 

corrosion  in  railway  tunnels,  345. 

covering  with  gutta-percha,  256. 

covering  with  india-rubber,  270. 

curve,  use  of  set  curves,  1 02. 

drawing  and  tenacity,  46,  209. 

dip  of,  101. 

effects  of  ligature  on,  46. 

erection  on  high  masts,  382. 

eyebolts,  296. 

eye  on  single,  223. 

gauges,  234,  296. 

guards  at  angles,  344. 

iron,  weight  formula,  202. 

joints  in,  223,  300,  346,  377. 

killing,  379. 

lead-coated   gutta-percha  covered 
(joints),  352. 

length  of  (catenary),  100. 

limiting  length  of,  97. 

nippers,  292. 

paying  out,  jointing,  377. 

rope,  splicing,  223. 

sizes  used  for  lines,  344,  382.' 

span,  formulas  for  dip,  tc,  95. 

specifications,  230,  346. 
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Wire,  steel,  applications,  248,  345. 

steel,  tenacity,  244. 

stoppers  for  lines,  297. 

straining  up  line,  283,  378,  382. 

stranded,  its  use,  236,  345. 

surface  protection  of,  349. 

suspended  in  water  (catenary),  99. 

tension  and  dip  affected  by  tem- 
perature and  elasticity,  100. 

ties,  strength  of,  215. 

ties  of  parallel  wires,  225. 
Wires,  arrangement  on  poles,  347. 

inside  offices,  403,  405. 

leading  into  offices,  403. 

lightning  and  contact,  347. 

straining,  in  pairs,  380. 

straining,  overhouse,  381. 

straining,  temporary,  382. 

terminating,  381. 

terminating  at  river  crossings,  382. 

twisting  into  ropes,  54. 

underground,  sizes  used,  382. 

tenacity  of  ordinary  and  telegraph, 
209. 


Wood  (see  Timber). 

characteristics  of  good,  120. 

endogenous,  118. 

and  iron  construction   compared, 
238. 

pressure  required  to  indent,  44. 

sap  and  heart,  118. 

seasoning,  dry,  117. 

structure  of,  117. 

structure  and  strength  related,  118. 
Work,  21. 

done  against  gravity,  &c. ,  21. 

of  rotating  a  body,  24. 

units,  23. 
Working  drawings,  321. 

load  defined,  31. 

load,  deflection  under,  72. 

load,  iron,  215. 

load,  steel,  246. 

load,  timber,  131. 
Wray's  compound,  273. 
Wrought,  iron  (see  Iron). 

Zinc,  251. 
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"  Without  entering  upon  that  difficult  ground  which  correct  professional 
knowledge,  and  educated  judgment,  can  alone  permit  to  be  safely  trodden, 
there  is  a  wide  and  extensive  field  for  exertion,  and  for  usefulness,  open  to 
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still,  in  the  watchful  care  more  generally  known  as  "  SANITARY  PRECAU- 
TION," which  tends  rather  to  preserve  health  than  to  cure  disease.  "  The 
touch  of  a  gentle  hand  "  will  not  be  less  gentle  because  guided  by  know- 
ledge, nor  will  the  safe  domestic  remedies  be  less  anxiously  or  carefully  ad- 
ministered. Life  may  be  saved,  suffering  may  always  be  alleviated.  Even 
to  the  resident  in  the  midst  of  civilization,  the  "KNOWLEDGE  IS 
POWER  "  to  do  good }  to  the  settler  and  the  emigrant  it  is  INVALUABLE. 
I  know  well  what  is  said  by  a  few,  about  injuring  the  medical  profession, 
by  making  the  public  their  own  doctors.  Nothing  will  be  so  likely  to  make 
"  long  cases  "  as  for  the  public  to  attempt  any  such  folly ;  but  people  of 
moderate  means — who,  so  far  as  medical  attendance  is  concerned,  are  worse 
off  than  the  pauper — will  not  call  in  and  fee  their  medical  adviser  for  ewery 
!  slight  matter,  and,  in  the  absence  of  a  little  knowledge,  will  have  recourse 
1  to  the  prescribing  druggist,  or  to  the  patent  quackery  which  flourishes  upon 
J  ignorance,  and  upon  the  mystery  with  which  some  would  invest  their  calling. 
And  not  patent  quackery  alone,  but  professional  quackery  also,  is  less  likely 
I  to  find  footing  under  the  roof  of  the  intelligent  man,  who,  to  common  sense 
and  judgment,  adds  a  little  knowledge  of  the  whys  and  wherefores  of  the 
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I  Notices  of  the  Press. 

"The  BEST  and  SAFEST  book  on  Domestic  Medicine  and  Household  Surgery  which 
has  yet  appeared." — London  Journal  oj  Medicine. 
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fessional  knowledge."— Dublin  Journal  oj  Medical  Science.  , 

1"  The  best  production  of  the  kind  we  possess."— Christian  Witness. 
"  The  amount  of  useful  knowledge  conveyed  in  this  work  is  surprising."— Medical  limes 
and  Gaxetti. 
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ligion ;  with  especial  reference  to  the  Progress  of  Science  and  Advance 
of  Knowledge.  Revised  and  enlarged,  with  new  Appendices  on  Evolu- 
tion and  the  Conservation  of  Energy.  Large  crown  8vo.  Handsome 
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"  In  a  neat  and  concise  form  are  brought  together  striking  and  beautiful  passages 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  of  acknowledged  ability."— Edinburgh  Daily  Review. 
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Scientific     Works. 

"WORKS  by  WILLIAM  AITKEJW,,M.b.,Edi<n.v-F:R.S. 

tProfessor  ofiPvthology  in  theiAltmy 'M-edical  ,School,tE»a'ininerJn -Medicuie  for  H.M.'s 

Army,Na¥j5,!«ad  1E1I.  Medical  (Ssrv,i«es,  Corresponding  Member  of  .the  .Royal  Imperial 

Society  of  Physicians  of  Vienna,  of  the  5eewty  of  Medicine  and    Natural   History  of 

Prssden,^Atid  of  ,the4mperial  Society  of  Medicine  of  Constantinople. 


The  SCIENCE  and  PRACTICE  of  MEDICINE. 

In  2  vols.,  demy  8vo,  cloth,  with  a  Steel  Plate,  Map,  and  nearly 
200  Woodcuts.  Price  38/-  Sixth  Edition,  thoroughly  ^revised  and 
enlarged,. 

From  the  amount  of  additional  matter  introduced,  the  two  Volumes, cff  the 
Sixth  Edition  are,  in  reality,  equivalent  to  three;  a  special  fount  of  type 
havipg  been  cast  to  enable  the  printer  to  preserve  clearness  without 
adding  to  tie  bulk  of  the  work. 

'The, Author  has  adopted  throughout  the  "New  Nomenclature  and  fol- 
lowed the  Order  of  Classification  of  Diseases  published  by  the 
Royal  College  of  Physicians  in  1869.  The  Diagrams,  illustrative 
of  the  typical  ranges  of  body-temperature  in  Febrile  Diseases  (which 
were  given  in  the  third  edition  of  this  work,  in  1863,  for  the  first  time 
in  a  Text-book),  have  been,  with  few^xceptions,  re-drawn  and  cut  upon 
a  new  model. 

Additional  Woodcuts  have  also  been  introduced,  wherever  it  was. thought 
that  they  would  render  the  descriptions  An  the  text  more  intelligible. 

In  short,  no  labour  or  expense  has. been  spared  to  sustain  the  well-known 
reputation  of  this  Work,  as  "the  Representative  Book  of , the  Medical 
.Science  and  Practice  of  the  day-" 


Opinions  of  the  Press. 

"The  work  is  an  admirable  one,  and  adapted  to  the  requirements  of  the  Student, 
Professor,  and  Practitioner  "Of  Medicine Malignant  Cholera  is  very  fully  dis- 
cussed, and  the  reader  will  find  a  large  amount  of  information  not  to  be  met  with  in  other 

books,  epitomised  tfor  him  in  this The  part  on  Medical  Geography  forms  an 

admirable  feature  of  the  volumes We  know  of  no  work  that  contains  so  -much, 

or  such  full  arid  varied,  information  on  all  subjects  connected  with  the  Science  and 
Practice  of  Meidicine." — Lancet. 

"The  extraordinary  merit  of  Dr.,Aitken's.wor>k The  author  has  unquestionably 

performed  a  service  to  the  profession  of  the  most  valuable  kind.  The  article  on 
Cholera  undoubtedly  oilers  the  most  clear  and  satisfactory  summary  of  our  knowledge 
respecting  that4iflea.se  which  has  yet  appeared." — Practitioner. 

"  Altogether  this  voluminous  treatise  is  a  credit  to  its  Author,  its  Publisher,  and  to 
English   Physic,  ......Affords   an  admirable   and  honest  digest  of  the  opinions  and 

practice  of  the  day Commends  itself  to, usfor  sterling  \qailue,  <witi6h  of  retrospect, 

and  fairness  of  representation." — M edico-Chirurgical  Review, 

"The  Standard  Text-Bpojc.in  the  .English  language There  is,  perhaps,  no 

work  more  indispensable  for  the  Practitioner  and  Student."— Edin.  Medical  Journal. 

"  We  can  say,  with  perfect  confidence,  that  no  medical  man  in  India  should  be 
^without  the  Sixth  ^Edition  of  Dr.  Aitken's  'Science  and  Practice  of  Medicine.'  We 
^say  the  Sixth  Edition,  because  it  is  full  oi  new  matter.  The  article  on  Cholera  is  by  far 
the  most  complete,  judicious,  and  learned  summary  of  our  knowledge  respecting  this 
disease  which  has  yet  appeared." — Indian  Medical  Gazette. 
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Prof.  Aitken's  Works— {continued.) 

AITKEN«  (William,  M.D.,  F.R.S.) :     OUTLINES 

OF  THE  SCIENCE  AND  PRACTICE  OF  MEDICINE.  A  Text- 
Book  for  Students.     Crown  8vo.     Cloth,  bevelled,  12/6. 

"  So  complete  as  to  form  a  useful  work  ot  reference.  The  natural  history  of  the 
principal  diseases,  the  diagnostic  signs  by  which  they  may  be  distinguished,  together 
with  the  therapeutic  indications,  are  concisely  and  systematically  given.  The  book 
cannot  fail  to  become  a  popular  one,  and  we  cordially  recommend  it  to  the  notice  of 
teachers  and  students." — Lancet. 

"  Well-digested,  clear,  and  well-written  •  the  work  of  a  man  conversant  with  every 
detail  of 'his  subject,  and  a  thorough  master  of  the  art  of  teaching.— British  Medical 
Journal. 

"  Students  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  con- 
ciseness."—-Alhencmm. 

"  In  respect  of  both  the  matter  contained,  and  the  manner  in  which  it  is  conveyed, 

our  examination  has  convinced  us  that  nothing  could  be  better We  know  of  no 

summary  of  the  use  of  Electricity  as  a  means  of  diagnosis  equal,  to  that  contained 
in  the  Section  on  Diseases  of  the  Nervous  System." — Medico-Chirurgical  Review. 

AITKEN(WiIliam,M.D.,F.R.S.):  The  GROWTH 

OF  THE  RECRUIT,  and  the  Young  Soldier,  with  a  view  to  the 
Selection  of  "  Growing  Lads  "  and  their  Training.  Second  Edition  in 
preparation. 

"  This  little  work  should  be  in  the  hands  of  all  instructors  of  youth,  and  all  em- 
ployers of  youthful  labour. " — Lancet. 

AITKEN   (William,  .M.D,  F.R.S.):     OUTLINE 

FIGURES  OF  THE  TRUNK  OF  THE  HUMAN  BODY.  On. 
which  to  indicate  the  areas  of  physical  signs  in  the  Clinical  Diagnosis, 
of  Disease.     For  the  use  of  Students  and  Practitioners  of  Medicine.  1/6. 


ANSTED   (Prof.,  M.A.,  F.R.S.)  :     GEOLOGY  : 

A  TREATISE  ON.     (Circle  of  the  Sciences).     Crown  8vo.     Cloth,  2/6. 

ANSTED     (Prof.,    M.A.,   F.R.S.)  :     NATURAL 

HISTORY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
Structure  of  the  Earth,  the  Plants  of  the  Field,  and  the  Atmospheric 
Phenomena.  With  numerous  Illustrations.    Large  posfr8vo,    Cloth,  8/6. 

BAIRD    (W.,   M.D.,   F.L.S.,  late  of  the  British 

Museum) : 

THE  STUDENT'S  NATURAL  HISTORY;  a  Dictionary  of  the  Na- 
tural Sciences  :  Botany,  Conchology,  Entomologyi-Geology}  Mineralogy, 
Palaeontology,  and  Zoology.  With  a  Zoological  Chart,  showing 
the  Distribution  and  Range  of  Animal  Life,  and  over  two  hundred 
and  fifty  Illustrations.     Demy  8vo.    Cloth  gilt,  10/6. 

"  The  work  is  a  very  useful  one,  and  will  contribute,  by  its  cheapness  and  corripre- 
hensiveness,  to  foster  the  extending  taste  for  Natural  Science." —  Westminster  Review. 


io  CHARLES  GRIFFIN  &•  COMPANY'S 

NEW     AND     IMPORTANT     WORK. 

A  DICTIONARY  OF  HYGIENE  AND  PUB- 
LIC HEALTH.  By  Alexander  Wynter  Blyth,  M.R.C.S.,  F.C.S., 
etc.,  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health 
for  the  North  Devon  Combination  of  Sanitary  Authorities.  Medium 
8vo,  672  pp.,  cloth  bevelled,  with  Map,  Diagram,  and  140  Illustrations, 
Price  28/- 

GENERAL  CONTENTS. 

The    Work   comprises  over  Seven  Hundred  Articles,   embracing  the 
following  subjects: — 

I. — Sanitary  Chemistry:   the  Composition  and   Dietetic  Value 
of  Foods,  with  the  latest  Processes  for  the  Detection  of  Adul- 
terations. 
II. — Sanitary    Engineering  :     Sewage,    Drainage,    Storage    of 

Water,  Ventilation,  Warming,  etc. 
III.  —  Sanitary    Legislation  :    the    whole    of    the    PUBLIC 
HEALTH  ACT,  1875,  together  with  sections  and  portions  of 
other   Sanitary  Statutes,   (without  alteration  or  abridgment, 
save  in  a  few  unimportant  instances)  in  a  form  admitting  of 
easy  and  rapid  reference. 
IV. — Epidemic  and  Epizootic  Diseases  :  their  History  and  Pro- 
pagation, with  the  Measures  for  Disinfection. 
V. — Hygiene — Military,  Naval,  Private,  Public,  School. 
"The  work  now  offered  to  the  public  aims  at  filling  a  vacant  place  in  English 
sanitary  literature,  namely,  that  of  a  book  of  reference  which,  in  one  volume  of  con- 
venient size,  shall  contain  the  information  on  sanitary  topics  at  present  only  to  be 
gathered  from  the  perusal  of  many    separate  and  distinct  treatises.     It  is  not  in- 
tended solely  and  entirely  for  any  particular  class.     Sanitation  is  imperial — it  con- 
cerns every  living  unit  of  the  State,   and   is  of  equal  value  to   all.     Therefore, 
although  the  special  wants  of  the  practical  hygienist — the  medical  officer  of  health 
and  public  analyst — have  naturally  claimed  the  first  place,  and  received  the  attention 
which  their  importance  demands,  the  author  has  throughout  endeavoured  to  render 
intelligible  to  non-professional  readers  also,  every  subject  susceptible  of  such  treat- 
ment."— Extract  from  Author's  Preface. 


Opinions  of  the  Press. 

"  The  articles  on  Food  and  its  Adulterations  are  good,  the  most  recent  methods 
of  examination  being  given,  and  the  chemical  processes  well  described." — Lancet. 

"  A  very  important  Treatise  ...  an  examination  of  its  contents  satisfies  us 
that  it  is  a  work  which  should  be  highly  appreciated." — Medico-Chirurgical  Review 

"  A  work  that  must  have  entailed  a  vast  amount  of  labour  and  research. 
Will  be  found  of  extreme  value  to  all  who  are  specially  interested  in  Sanitation    "it 
is  more  than  probable  that  it  will  become  a  Standard  Work  in  Hygiene  and 
Public  Health." — Medical  Times  and  Gazette. 

"Mr.  Blyth  has  ably  filled  a  void  in  British  Sanitary  literature.  .  .  .  This 
Standard  Work  .  .  .  indispensable  for  all  who  are  interested  in  Public-Health 
matters,  and  for  all  Public  Libraries." — Public  Health. 

"  Contains  a  great  mass  of  information  of  easy  reference  ...  a  compilation 
carefully  made  from  the  best  sources.  Many  of  the  articles  are  very  good  "—Sani 
tary  Record. 

"  We  can  cordially  recommend  it  as  a  book  of  reference  to  all  persons  interested 
in  Sanitation." — Indian  Medical  Gazette. 

BLYTH  (A.  Wynter,  M.R.C.S.,  F.C.S.)  :  A  MA- 
NUAL OF  PRACTICAL  CHEMISTRY,  applied  to  the  Analysis  of 
Foods  and  Detection  of  Poisons.     Crown  bvo.     (In  Preparation). 
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THE    CIRCLE    OF    THE  SCIENCES: 

A     SERIES     OF     POPULAR    TREATISES 

ON    THE    NATURAL    AND    PHYSICAL     SCIENCES, 

And  their  Applications. 

by 

Professors  Owen,  Ansted,  Young  and  Tennant  ;  Drs.  Latham,  Edward 

Smith,  Scoffern,  Bushnan  and  Bronner;  Messrs.  Mitchell,  Twisden, 

Dallas,  Gore,  Imray,  Martin,  Sparling,  and  others. 

Complete  in  nine  volumes,  illustrated  with  many  thousand  Engravings  on 
Wood.     Crown  8vo^  Cloth  lettered.    5/-  each  volume. 


Vol.  i.— ORGANIC  NATURE.— Part  I.  Animal  and  Vegetable  Physi- 
ology ;  the  Skeleton  and  the  Teeth ;  Varieties  of  the  Human  Race, 
by  Professor  Owen,  Dr.  Latham,  and  Dr.  Bushnan. 

Vol.  2.— ORGANIC  NATURE.— Part  II.  Structural  and  Systematic 
Botany,  and  Natural  History  of  the  Animal  Kingdom,  Invertebrated 
Animals :  by  Dr.  Edward  Smith  and  William  S.  Dallas,  F.L.S. 

Vol.  3.— ORGANIC  NATURE.— Part  III.  Natural  History  of  the 
Animal  Kingdom,  Vertebrated  Animals :  by  William  S.  Dallas, 
F.L.S. 

Vol.  4.— INORGANIC  NATURE.— Geology  and   Physical    Geography 
Crystallography  ;  Mineralogy ;  Meteorology,  and  Atmospheric  Pheno- 
mena,  by   Professor    Ansted,   Rev.  W.  Mitchell,  M.A.,  Professor 
Tennant,  and  Dr.  Scoffern. 

Vol.  5.— PRACTICAL  ASTRONOMY,  NAVIGATION,  AND  NAU- 
TICAL ASTRONOMY,  by  Hugh  Breem,  Greenwich  Observatory, 
Professor  Young,  and  E.  J.  Lowe,  F.R.A.S. 

Vol.  6.— ELEMENTARY  CHEMISTRY.— The  Imponderable  Agents 
and  Inorganic  Bodies,  by  John  Scoffern,  M.D. 

Vol.  7.— PRACTICAL  CHEMISTRY.— Monographs;  on  Electro-Metal- 
lurgy; the  Photographic  Art;  Chemistry  of  Food  and  its  Adultera- 
tions; and  Artificial  Light;  by  George  Gore,  Birmingham,  John 
Scoffern,  M.D.,  Dr.  Edward  Bronner,  Bradford,  Marcus  Sparling, 
and  John  Martin. 

Vol.  8.— MATHEMATICAL  SCIENCE.— Philosophy  of  Arithmetic; 
Algebra  and  its  Solutions;  Plane  Geometry;  Logarithms;  Plane  and 
Spherical  Trigonometry;  Mensuration  and  Practical  Geometry,  with 
use  of  Instruments,  by  Prof.  Young,  Rev.  J.  F.  Twisden,  M.A.,  Sand- 
hurst College,  and  Alexander  Jardine,  C.E. 

Vol.  9.— MECHANICAL  PHILOSOPHY.— The  Properties  of  Matter, 
Elementary  Statics;  Dynamics;  Hydrostatics;  Hydrodynamics;  Pneu- 
matics ;  Practical  Mechanics ;  and  the  Steam  Engine,  by  the  Rev. 
Walter  Mitchell,  M.A.,  J.  R.  Young,  and  John  Imray* 
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THE  CIRCLE  OF  THE  SCIENCES, 

In  Separate  Treatises.    Cloth. 


l.  Ansted's  Geology  and  Physical  Geography   . 
.2.  BREEM's-Practical  Astronomy  .         .        ,.       .. 

3.  Bronner  and  Scoffern's  Chemistry  of  Food  and  Diet    . 

4.  Bushnan's  Physiology  of  Animal  and  Vegetable  Life    . 

5.  Gore's  Theory  and  Practice  of  Electro-Deposition 

6.  Imray's  Practical  Mechanics 

7.  Jardine's  Practical  Geometry 

8.  Latham's  Varieties  of  the  Human  Species 

g.  Mitchell  &  Tennant's  .Crystallography  &  Mineralogy 

10.  Mitchell's  Properties  of  Matter  and  Elementary  Statics 

11.  'Owen's  Principal  Forms  of  the  Skeleton  and  the  Teeth 

12.  Scoffern's  Chemistry  of  Light,  Heat  and  Electricity 

13.  Scoffern's  Chemistry  of  the  Inorganic  Bodies 

14.  Scoffern's  Chemistry  of  Artificial  Light 

15.  Scoffern  and  Lowe's  Practical  Meteorology 
x6.  Smith's  Introduction  to  Botany :  Structural  &  Systematic 
,^7.  TwiSDEN^SiPlane  and  Spherical  Trigonometry 

18.  Twisden  on  Logarithms 

19.  "Young's  Elements  of  Algebra 

20.  Young's  Solutions  of  Questions'in  Algebra    . 

21.  'Young's  Navigation  and  Nautical  Astronomy 
2<2.  Young's  Plane  Geometry 
23.  ''Young's  Simple  Arithmetic    ...... 

.24.  Young's  Elementary  Dynamics      ..... 
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DALLAS  (W.  S.,  F.L.S.): 


A  -POPULAR  HISTORY  OF  THE  ANIMAL  CREATION :  being 
a  Systematic  and  Popular  Description  of  the  :  Habits,  Structure  and 
Classification  of  Animals.  'With  coloured  Frontispiece  and  many 
hundred  Illustrations.     Crown.Svo.     •"'•loth,  8/6.    New  Edition. 
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DOUGLAS'S  TELEGRAPH  CONSTRUCTION. 

Published  with  the  Approval  of  the  Director-General  of  Telegraphs  in  India. 

A  MANUAL  OF  TELEGRAPH  CONSTRUC- 

TION  :  The  Mechanical  Elements  of  Electric  Telegraph  Engineering. 
For  the  use  of  Telegraph  Engineers  and  others.  By  John  Christie 
Douglas,  Society  of  Telegraphic  Engineers,  East  India  Government 
Telegraph  Department,  &c.  With  numerous  Diagrams.  Crown  8vo. 
Cloth,  bevelled,  15/.  Second  Edition,  with  Appendices  and  Copious 
Index,  now  ready. 

GENERAL    CONTENTS. 

Part  I. — General  Principles  of  Strength  and 
Stability,  comprising  the  Strength  of  Materials;  the  Dis- 
tribution of  Load  and  Stress  in  Telegraph  Structures,  such  as 
Poles — simple,  strutted,  tied,  stayed,  coupled,  and  trussed; 
the  Catenary,  with  application  of  its  Formulae  to  the  cases 
of  Wires  and  Cables;  Theory  of  the  Submersion  of 
Cables,  &c. 

Part  II. — Properties  and  Applications  of  Mate- 
rials, Operations,  and  Manipulation,  including  the  Prin- 
ciples and  Practice  of,  and  Numerical  Data  for,  designing 
Simple  Structures,  such  as  Poles  of  Iron  and  Wood ;  Iron  and 
Wooden  Masts — simple  and  compound ;  Specifications  for 
Wire,  &c. ;  Soldering ;  Surveying';  the  Raising  of  Heavy 
Masts  ;  Insulating  Materials  and  their  Applications,  &c. 

Part  III. — Telegraph  Construction,  Maintenance 
and    Oroanisation,   treating  of  the  Application   of  the  In- 
formation conveyed  in  Parts  I  and  II.  to  the  case  of  Combined 
Structures,  including  the  Construction  of  Overground,  Subter- 
ranean, and  Subaqueous  Lines  ;  Office  Fittings  ;  Estimating; 
Organisation,  &c. 
"  Mr.   Douglas  deserves  the  thanks  of  Telegraphic  Engineers  for  the  excellent 
'  Manual '  now  before  us    ....    he  has  ably  supplied  an  existing  want  ..... 
the  subject  is  treated  with  great  clearness  and  judgment    ....    good  practical 
information  given  in  a'clear,  terse  style."— Engineering. 

"Mr.  Douglas's  work  is,  we  Believe;  the  first  of  its  kind.-  .    .    .    The  author  is 

evidently  a  practical  Telegraphic  Engineer The  amount  of  information 

given  is  such  as  to  render  this  volume  a  most  useful  guide  to  any  one  who  may  be 
engaged  in  any  branch  of  Electric-Telegraph  Engineering."— AJthenaum. 

"Thebook  is  calculated  to  brof  great  service  to  Telegraphic  Engineers.    .    .    . 
the  arrangement  is  so  judicious  that  with  the  aid  of  the  full  table  of  contents,  reference 
to  any  special  point  should -be.easy." — Iron. 

GRIFFIN  (John  Joseph,  F.R.S.)  : 

CHEMICAL  RECREATIONS:  A  Popular  Manual  of  Experi- 
mental.Ghemistry.  With  540'  Engravings  of  Apparatus.  Crown  4to. 
Cloth.     Tenth  Edition. 

Part  I.     Elementary  Chemistry,  price  2/- 

Part  II.  The  Chemistry  of  the  Non-Metallic  Elements*  including  a 
Comprehensive  Course  of  Class  Experiments,  price  10/6. 
Qiycomplete  in  one  volume;. cloth,. gilt- topj.ra/fj. 
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LEARED   (Arthur,  M.D.,  F.R.C.P.,  Senior  Phy- 

sician   to  the  Great  Northern  Hospital) : 

IMPERFECT  DIGESTION :  Its  Causes  and  Treatment.     Post  8vo. 
Cloth,  4/6.     Sixth  Edition. 

"It  now  constitutes  about  the  best  work  on  the  subject." — Lancet. 

"  Dr.  Leared  has  treated  a  most  important  subject  in  a  practical  spirit  and  popular 
manner." — Medical  Times  and  Gazette. 

"  A  useful  manual  of  the  subject  upon  which  it  treats,  and  we  welcome  it  as  an 
addition  to  our  Medical  Literature."— Dublin  Quarterly  Journal  of  Medical  Science. 


MOFFITT   (Staff-Assistant-Surgeon    A.,    of  the 

Royal  Victoria  Hospital,  Netley)  : 

A  MANUAL  OF  INSTRUCTION  FOR  ATTENDANTS  ON 
THE  SICK  AND  WOUNDED  IN  WAR.  Published  under  the 
sanction  of  the  National  Society  for  Aid  to  the  Sick  and  Wounded  in 
War.     With  numerous  Illustrations.     Post  8vo.     Cloth,  5/- 

"  A  work  by  a  practical  and  experienced  author.  After  an  explicit  chapter  on  the 
Anatomy  of  the  Human  Body,  directions  are  given  concerning  bandaging,  dressing  of 
sores,  wounds,  &c,  assistance  to  wounded  on  field  of  action,  stretchers,  mule  litters, 
ambulance,  transport,  &c-  AH  Dr.  Moffitt's  instructions  are  assisted  by  well  executed 
illustrations." — Public  Opinion. 

"  A  well  written  volume.  Technical  language  has  been  avoided  as  much  as  possible, 
and  ample  explanations  are  afforded  on  all  matters  on  the  uses  and  management  of 
the  Field  Hospital  Equipment  of  the  British  Army." — Standard. 


NAPIER  (James,  F.R.S.E.,  F.C.S.): 

A  MANUAL  OF  ELECTRO-METALLURGY.  With  numerous 
Illustrations.  Crown  8vo,  cloth,  7/6.  Fifth  Edition,  revised  and 
enlarged. 

GENERAL     CONTENTS. 


I. — History  of  the  Art. 
II.-— Description    of   Galvanic    Bat- 
teries   and   their   Respective 
Peculiarities. 
III.— Electrotype  Processes. 
IV. — Bronzing. 
V.— Miscellaneous  Applications  of 
the    Process    of  Coating    with 
Copper. 


VI. — Deposition  of   Metals  upon  one 

another. 
VII. — Electro-Plating. 
VIII.— Electro-Gilding. 
IX. — Results  of  Experiments  on  the 
Deposition  of  other  Metals  as 
Coatings. 
X.— Theoretical  Observations. 


*'  A  work  that  has  become  an  established  authority  on  Electro-Metallurgy,  an  art 
which  has  been  of  immense  use  to  the  Manufacturer  in  economising  the  quantity  of 

the  precious  metals  absoi  bed,  and  in  extending  the  sale  of  Art  Manufactures 

We  can  heartily  commend  the  work  as  a  valuable  handbook  on  the  subject  on  which 
it  treats."— Journal  of  Applied  Science. 

"The  fact  of  Mr.  Napier's  Treatise  having  reached  a  fifth  edition  is  good 

evidence  of  an  appreciation  of  the  Author's  mode  of  treating  his  subject A 

very  useful  and  practical  little  Manual. "—Iron. 

_  "  The  Fifth  Edition  has  all  the  advantages  of  a  new  work,  and  of  a  proved  and  tried 
friend.  Mr.  Napier  is  well-known  for  the  carefulness  and  accuracywith  which  he  writes 
.  .  .  there  is  a  thoroughness  in  the  handling  of  the  subject  whichisfar  from  general 
in  these  days  .  .  .  The  work  is  one  of  those  which,  besides  supplying  first-class 
information,  are  calculated  to  inspire  invention."-— Jeweller  and  Watchmaker. 


SCIENTIFIC  PUBLICATIONS.  is 


NAPIER  (James,  F.R.S.E.,  F.C.S.) : 

A  MANUAL  OF  THE  ART  OF  DYEING  AND  DYEING  RE- 
CEIPTS. Illustrated  by  Diagrams  and  Numerous  Specimens  of  Dyed 
Cotton,  Silk,  and  Woollen  Fabrics.  Demy  8vo.,  cloth,  21/-.  Third 
Edition,  thoroughly  revised  and  greatly  enlarged. 

GENERAL    CONTENTS: 

Part  I.— HEAT  AND  LIGHT: 

Their  effects  upon  Colours,  and  the  changes  they  produce  in 
many  Dyeing  Operations. 

Part  II.— A  CONCISE  SYSTEM  OF  CHEMISTRY,  with  special 
referent*'  to  Dyeing : 

Elements  of  Matter,  their  physical  and  chemical  properties, 
producing  in  their  combination  the  different  Acids,  Salts,  &c, 
in  use  in  the  Dye-House. 

Part  III.— MORDANTS  AND  ALTERANTS  : 

Their  composition,  properties,  and  action  in  fixing  Colours 
within  the  Fibre. 

Part  IV.— VEGETABLE  MATTERS  in  use  in  the  Dye-House : 

1st.  those  containing  Tannin,  Indigo,  &c. ;  2ndly,  the  various 
Dyewoods  and  Roots,  as  Logwood,  Madder,  Bark,  &c. 

Part  V.— ANIMAL  DYES  : 

Cochineal,  Kerms,  Lac,  &c. 

Part  VI.— COAL-TAR  COLOURS: 

Their  Discovery,  Manufacture,  and  Introduction  to  the  Dyeing- 
Art,  from  the  discovery  of  MAUVE  to  ALIZARIN. 

APPENDIX.— RECEIPTS  FOR  MANIPULATION  : 

Bleaching ;  Removing  Stains  and  Dyes ;  Dyeing  of  different 
Colours  upon  Woollen,  Silk,  and  Cotton  Materials,  with 
Patterns. 

*'  The  numerous  Dyeing  Receipts  and  the  Chemical  Information  furnished  will  be 

exceedingly  valuable  to  the  Practical  Dyer a  Manual  of  necessary 

reference  to  all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific 
discoveries  of  the  time." — Journal  of  Applied  Science. 

"In  this  work  Mr.  Napier  has  done    good  service being  a  Practical  Dyer 

himself,  he  knows  the  wants  of  his  confreres the  Article  on  Water  is  a  very 

valuable  one  to  the  Practical  Dyer,  enabling  him  readily  to  detect  impurities,  and 

correct  their  action ..'....  The  Article  on  Indigo  is  very  exhaustive the  Dyei  ng 

Receipts  are  very  numerous,  and  well  illustrated." — Textile  Manufacturer. 


PHILLIPS  (John,  M.A.,  F.R.S.,  F.G.S.,  late  Pro- 

feasor  of  Geology  at  the  University  of  Oxford). 

A  MANUAL  OF  GEOLOGY:  Practical  and  Theoretical.  Revised 
and  Edited  by  Robert  Etheridge,  F.R.S.,  F.G.S.,  of  the  Museum  of 
Practical  Geology.     {In  Preparation). 
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PHILLIPS  (J.  Arthur,M.  Inst.  C.E.,F.C.S.,F.G.S., 

Ancien  Eleve  de  l'Ecole  des  Mines,  Paris) : 

ELEMENTS  OF  METALLURGY:  A  Practical  Treatise  on  the 
Art  of  Extracting  Metals  from  their  Ores.  With  over  two  hundred  Il- 
lustrations, many  of  which  have  been  reduced  from  Working  Drawings. 
Royal  8vo,  764  pages,  cloth;  34/- 

GENERAL  CONTENTS: 

I. — A  Treatise  on  Fuels  and  Refractory  Materials. 

IL. — A  Description  of  the  principal  Metalliferous  Minerals,  with 
their  Distribution. 

II'L — Statistics  of  the  amount  of  each  Metal  annually  produced 
throughout  the  World,  obtained^  from  official  sources,  or, 
where  this  has  not  been  practicable,  from  authentic  private 
information. 

IV. — The  Methods  of  Assaying  the  different  Ores,  together  with 
the  Processes  of  Metallurgical  Treatment,  comprising: 
Iron,  Cobalt,  Nickel,  Alum'nium,  Copper,  Tin,  Antimony, 
Arsenic,  Zinc,  Mercury,  Bismuth,  Lead,  Silver,  Gold 
and  Platinum. 

"In   this  most  useful  and  handsome  volume  Mr.  Phillips  has  condensed  a  large 

amount  oftvaluable  practical  knowledge We  have  not  only  the  results  of  scientific 

inquiry  mostcantiotrsly,  set  forth, tbut  the  experiences  of  a  thoroughly  practical  man, 
very  clearly  given." — Athenaiem. 

"  For  twenty  years  the  learned  author,  who  might  well  have-  retired  with  honour 
on  account  of  his  acknowledged  success  and  high  character  as  an  authority  in  Metal- 
lurgy, has  been  making  notes,  both  as  a  Mining  Engineer  and  a  practical  Metallurgist, 
and  devoting  the  most  valuable  portion  of  his  time  to  the  accumulation  of  materials 
for  this,  his  Masterpiece-  There  can  be  no  possible  doubt  that  '  Elements  of  Metal- 
lurgy' will  be  eagerly  sought  for  by  Students  in  Science  and  Art,  as  well  as  by  Practi- 
cal Workers  in  Metals Two  hundred  and  fifty  pages  are  devoted  exclusively  to 

the  Metallurgy  of  Iron,  in-  which  every  process  of'  manufacture  is  treated,  and  the 
latest  improvements  accurately  detailed." — Colliery  Guardian. 

"  The  value, of  this  work  is  almost  inestimable.    There  can  be  no  question  that  the 

amount  of  time  and  labour  bestowed  on  it  is  enormous There  is  certainly  no 

Metallurgical  Treatise  in  the  language  calculated  to  prove  of  such  general  utility  to 
the  Student  really-  seeking  sound  practical  information  upon  the  subject,  and  none 
which  gives  greater  evidence  of  the  extensive  metallurgical  knowledge  of  its  author." 
— Mining  Journal. 


PORTER  :     (Surgeon- Major    J;.    H.,    Assistant- 

Professor  of  Military  Surgery  in  the  Army  Medical  School,  Hon.  Assoc, 
of  the  Order  of.  St.- John  of- Jerusalem) : 

THE  SURGEON'S. POCKET-BOOK:  An  Essay  on  the  Best  Treat- 
ment of  the- Wounded  in  War ;  for  which  a  Prize,  was  awarded  by  Her 
Majesty  the  Empress  of  Germany.  Specially  adapted  to  the  Public 
Medical  Services.     With  numerous  Illustrations,  i6mo,  roan,  7/6. 

"Just  such  a  work  as  has  long,  been.wanted,  in  which  men  placed  in  a  novel 
position,  can  find  out  quicfcly  what  is  besMohe  domes  We  strongjyjrecommend  it  to 
every  officer  in  the  Public  Medical  Services."— Practitioner. 

"  A  complete  vade  mecum  to.  guide  the  military  surgeon'  in  ■  the  field."— British 
Medical  Journal. 

"  A  capital  little  book  ...  of  the  greatest  practical  value.  .  .  .  A  surgeon 
with  thisManualimhls  pocfeet  becomes  a  man  of  resource  at  once"—  Westminster 
Review. 


SCIENTIFIC  PUBLICATIONS.  17 

SCIENTIFIC     MANUALS 

BY 

W.  J.  MACQUOEN  EANKINE,   O.E.,  LL.D.,  F.E.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 


I.— RANKINE  (Prof.):  APPLIED  MECHANICS 

(A  Manual  of) ;  comprising  the  Principles  of  Statics  and  Cinematics, 
and  Theory  of  Structures,  Mechanism  and  Machines.  With  numerous 
Diagrams.  Revised  by  E.  F.  Bamber,  C.E.  Crown  8vo.  Cloth,  12/6. 
Ninth  Edition. 

"  Cannot  fail  to  be  adopted  as  a  text-book The  whole  of  the  information 

so  admirably  arranged  that  there  is  every  facility  for  reference." — Mining  Journal. 

II.— RANKINE  (Prof.):  CIVIL  ENGINEERING 

(A  Manual  of).;  comprising  Engineering  Surveys,  Earthwork,  Founda- 
tions, Masonry,  Carpentry,  Metal-work,  Roads,  Railways,  Canals, 
Rivers,  Water-works,  Harbours,  &c.  With  numerous  Tables  and  Illus- 
trations. Revised  by  E.  F.  Bamber,  C.E.  Crown  8vo.  Cloth,  16/- 
Twelfth  Edition. 

"  Far  surpasses  in  merit  every  existing' work  of  the  kind.  As  a  Manual  for  the 
hands. of  the  professional  Civil  Engineer  it  is  sufficient  and  unrivalled,  and  even  when 
we  say  this  we  fall  short  of  that  high  appreciation  of  Dr.  Rankine's  labours  which  wc 
.should  like,  to  express." — The  Engineer. 

III.— RANKINE  (Prof.):     MACHINERY   AND 

MILL  WORK  (A  Manual  of);  comprising  the  Geometry,  Motions, 
Work,  Strength,  Construction,  and  Objects  of  Machines,  &c.  Illus- 
trated with  nearly  300  Woodcuts.  Revised  by  E.  F.  Bamber,  C.E. 
Crown  8vo.     Cloth,  12/6.     Third  Edition. 

"Professor  Rankine's  'Manual  of  Machinery  and  Millwork'IffuUy  maintains  the 
high  reputation  which  he  enjoys  as  a  scientific  author ;  higher  praise  it  is  difficult  to 
award  to  any  hook.  It  cannot  fail  to  be  a  lantern  to  the  feet  of  eyeryoeogineer."— The 
Engineer. 

IV.— RANKINE  (Prof.):   The  STEAM  ENGINE 

and  OTHER  PRIME  MOVERS  (A  Manual  of).  With  Diagram 
of  the  Mechanical  Properties  of  Steam,  numerous  Tables  and 
Illustrations.  Revised  by  E.  F.  Bamber,  C.E.  Orawn  8vo.  Cloth, 
12/6.    Eighth  Edition. 

V.— RANKINE  (Prof.):     USEFUL  RULES  and 

TABLES.  For  Architects,  Builders,  .Carpenters,  -.Coachbuilders,  En- 
gravers, 'Engineers,  Founders,  Mechanics,  Shipbuilders,  Surveyors, 
Wheelwrights,  &c.     Crown  8vo.     Cloth,  9/-    Fifth  Edition. 

"  Undoubtedlythe  most.  Useful  collection  of  engineering  Hata' hitherto  produced."— 
Mining  Journal.  .„,.,,•  .  -.,,■,-.  .  *. 

VI  .-.RANKINE     (Prof,):      A     MECHANICAL 

TEXTJBOOK.     By  PrOfessoT  Macqtjorn  Rankine  &  E.  F.  Bamber,.C.E. 
With  numerous  Illustrations.     CrownBvo.     Cloth,  g/-    Second  Edition. 
"  The  work,  as.awhole,  is  very  complete,  and  likely  to  prove  invaluable  for  furnish- 
ing a  useful  and  reliable  outline  of  the  subjects  treated  of."— Mining  journal 
*»*  The  mechanical  text-book  forms  a  simple, Introduction  to-PROF.,aANKms!s.-SERiBs 

Of  MANUALS  on  ENGINEERING  and  MECHANICS 


18  CHARLES  GRIFFIN  6>  COMPANY'S 

SHELTON  (W.  Vincent,  Foreman  to  the  Imperial 

Ottoman  Gun-Factories,  Constantinople). 

THE  MECHANIC'S  GUIDE:  A  Hand-book  for  Engineers  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical 
Use.   Illustrated.    Crown  8vo,  cloth,  7/6. 

GENERAL  CONTENTS: 


Part  V. — Wheel  and  Screw- 
Cutting. 

Part  VI. — Miscellaneous  Sub- 
jects. 

Part    VII.— The  Steam-Engine. 

Part  VIII. — The  Locomotive. 


Part      I. — Arithmetic. 
Part    II. — Geometry. 
Part  III. — Mensuration. 
Part  IV. — Velocities  in  Boring 
and  Wheel-Gearing. 

*  The  Mechanic's  Guide  will  answer  its  purpose  as.completely  as  a  whole  series 
of  elaborate  text-books." — Mining  Journal. 

"  Ought  to  have  a  place  on  the  bookshelf  of  every  mechanic."— Iron. 

"  Much  instruction  is  here  given  without  pedantry  or  pretension." — Builder. 

"  A  sine  quH  non  to  every  practical  Mechanic." — Railway  Service  Gazette. 

***  This  Work  is  specially  intended  for  Self-Teachers,  and  places^  before  the  Reader 
a  concise  and  simple  explanation  of  General  Principles,  together  with  Illustrations  of 
their  adaptation  to  Practical  Purposes. 

THOMSON  (Spencer, M.D.,L.R.C.S.,  Edinburgh): 

A  DICTIONARY  of  DOMESTIC  MEDICINE  and  HOUSEHOLD 
SURGERY.  Thoroughly  revised  and  brought  down  to  the  present  state 
of  Medical  Science.  With  an  additional  chapter  on  the  Management 
of  the  Sick  Room ;  and  Hints  for  the  Diet  and  Comfort  of  Invalids. 
Many  Illustrations.  Demy  8vo,  750  pages.  Cloth,  8/6.  Thirteenth 
Edition. 

"  The  best  and  safest  book  oh  Domestic  Medicine  and  Household  Surgery  which 
has  yet  appeared." — London  Journal  of  Medicine. 

"  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of 
useful  professional  knowledge." — Dublin  Journal  of  Medical  Science. 

"  Worth  its  weight  in  gold  to  families  and  the  clergy."— Oxford  Herald. 

WYLDE  (James,  formerly   Lecturer  on  Natural 

Philosophy  at   the   Polytechnic): 

THE  MAGIC  OF  SCIENCE:  A  Manual  of  Easy  and  Amusing 
Scientific  Experiments.  With  Steel  Portrait  of  Faraday  and  many 
hundred  Engravings.  Crown  8vo.  Cloth  gilt,  and  gilt  edges,  5/-  Third 
Edition. 

"  Of  priceless  value  to  furnish  work  for  idle  hands  during  the  holidays.  A 
thousand  mysteries  of  Modern  Science  are  here  unfolded.  We  learn  how  to  make 
Oxygen  Gas,  how  to  construct  a  Galvanic  Battery,  how  to  gild  a  Medal  by  Electro- 
plating, or  to  reproduce  one  by  Electrotyping,  how  to  make  a  Microscope  or  take  a 
Photograph,  while  the  elements  of  Mechanics  are  explained  so  simply  and  clearly 
that  the  most  unmechanical  of  minds  must  understand  them.  Such  a  work  is 
deserving  of  the  highest  praise." — The  Graphic/ 

"To  those  who  need  to  be  allured  into  the  paths  of  natural  science,  by  witnessing 
the  wonderful  results  that  can  be  produced  by  well-contrived  experiments,  we  do  not 
know  that  we  could  recommend  a  more  useful  volume." — Atheneeum. 
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Educational  Works. 


BRYCE    (Archibald    Hamilton,   D.C.L.,    LL.D., 

Senior  Classical  Moderator  in  the  University  of  Dublin) : 

VIRGILII  OPERA.  Text  from  Heyne  and  Wagner.  English 
Notes,  original,  and  selected  from  the  leading  German,  American 
and  English  Commentators.  Illustrations  from  the  antique.  Com- 
plete in  One  Volume,  fcap.  8vo.,  cloth,  6/-     Twelfth  Edition. 

Or,  in  Three  Parts  : 

Part  I.      Bucolics  and  Georoics         . .         . .  2/6 

Part  II.     The  jEneid,  Books  I.— VI 2/6 

Part  III.  The  ^neid,  Books  VII.— XII.         ..  2/6 

"  Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject* 
The  notes  comprise  everything  that  the  student  can  want."— A thmteum. 


"  The  most  complete,  as  well  as  elegant  and  correct,  edition  of  Virgil  ever  published) 
in  this  country." — Educational  Times. 

"  The  best  commentary  on  Virgil  which  a  student  can  obtain." — Scotsman. 

COBBETT  (William) :    ENGLISH  GRAMMAR 

in  a  Series  of  Letters,  intended  for  the  use  of  Schools  and  Young  Per- 
sons in  general.  With  an  additional  Chapter  on  Pronunciation,  by  the 
Author's  Son,  James  Paul  Cobbett.  Fcap.  8vo.  Cloth,  1/6.  (The 
only  correct  and  authorized  Edition), 

"A  new  and  cheapened  edition  of  that  most  excellent  of  all  English  Grammars,, 
William  Cobbett's.  It  contains  new  copyright  matter,  as  well  as  includes  the  equally 
amusing  and  instructive  '  Six  Lessons  intended  to  prevent  statesmen  from  writing  in 
an  awkward  manner."' — Atlas. 

COBBETT  (William) :  A  FRENCH  GRAMMAR. 

Fcap.  8vo.     Cloth,  3/6.    Fifteenth  Edition* 

" '  Cobbett's  French  Grammar '  comes  out  with  perennial  freshness.  There  are 
few  grammars  equal  to  it  for  those  who  are  learning,  or  desirous  of  learning,  French. 
without  a  teacher.  The  work  is  excellently  arranged,  and  in  the  present  edition  we 
note  certain  careful  and  wise  revisions  of  the  text." — School  Board  Chronicle. 

"Business  men  commencing  the  study  of  French  will  find  this  treatise  one  of  the 
best  aids It  is  largely  used  on  the  Continent." — Midland  Counties  Herald. 

COBBETT  (James  Paul):  A  LATIN  GRAM- 
MAR.   Fcap.  8vo.    Cloth,  2/- 

COLERIDGE  (Samuel  Taylor)  :  A  DISSERTA- 
TION ON  THE  SCIENCE  OF  METHOD.  (Encyclopedia  Metro- 
pol'ilana.)    With  a  Synopsis.    Crowr.  8vo.     Cloth,  2/-    Ninth  Edition. 
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CRAIK' S  ENGLISH  LITERATURE. 

A  COMPENDIOUS  HISTORY  OF  ENGLISH  LITERATURE  AND 
OF  THE  ENGLISH  LANGUAGE  from  the  Norman  Conquest. 
With  numerous  specimens.  By  George  Lillie  Craik,  LL.D.,  late 
Professor  of  History  and  English  Literature,  Queen's  College,  Belfast. 
In  two  vols.  Royal  8vo.  Handsomely  bound  in  cloth,  25/- ;  full  calf, 
gilt  edges,  37/6.    New  Edition. 

.G.ENE.RA.L      CONTENTS. 
Introductory. 
1. — The  Norman  Period — The  Conquest. 

II. — Second  English — commonly  called  Semi-'Saxon. 

III. — Third  English — Mixed,  or  Compound  English. 

IV. — Middle  and  Latter  Part  of  the  Seventeenth  Century. 

V. — The  Century  between  the  English  Revolution  and  the 
French  Revolution. 

VI. — The  Latter  Part  of  the  Fighteenth  Century. 

VII. — The  Nineteenth  Century  :  (a)    The   Last  Age   of    the 

Georges. 

(6)   The  Victorian  Age. 

With  numerous  Excerpts  and  Specimens  of  Style. 

".  Anyone  whO'Will  take  the  trouble  to  ascertain  the  fact,  will  find  how  completely 

even  our  great  poets  and  other  writers  of  the  last  generation  have  already  faded  from 

.the  view  of  the  present  with  the  most  numerous  class  of  the  educated  and  reading 

.public.     Scarcely  anything  is  generally  rtad  except  the  publications  of  the  day.     Yet 

.-NOTHING   IS   MORE    CERTAIN    THAN  THAT  NO  TRUE  CULTIVATION  CAN  BE  SO  ACQUIRED. 

This  is  the  extreme  case  of  that  entire  ignorance  of  history  which'  has  been  affirmed, 

not  with  more  point  than  truth,  to  leave  a  person  always   a  child 

'"The  ipresent 'worjc  •  combines  the  History  of  the  Literature  with  the  His- 
tory op  the  Language.  The  scheme  of  the  course  and  revolutions  of  the  Lan- 
guage which  is  followed  here  is  extremely  simple,  and  resting  not  upon  arbitrary,  but 
upon  natural  or  real  distinctions, -gives. us  the  only  view  of  tke  subject  that  can  claim 
to  be  regarded  as  of  a  scientific  character." — Extract  from  the  Author's  Preface. 

'".Professor  Craik's  book  going,  as  it  does,  through,  the  whole  history  of  the  language, 
probably  takes  a  place  quite  by  itself.  The  great  'VAlue  of  the  book  is  its  thorough 
comprehensiveness.  It  is  always  clear  and  straightforward,  and  deals  not  in  theories 
but  in  facts." — Saturday  Review. 

CRAIK   (Prof.):    A   MANUAL   OF    ENGLISH 

LITERATURE,  for  the  Use  of  Colleges,  Schools  and  Civil  Service 
'Examinations.  ^S,electe d' from  the  larger  worlc,  by  Dr.  Craik.  Crown 
tSvo.     Cloth,  7/6.     Seventh  Edition. 

"A  Manual -of  English  Literature  from  so  experienced  and  well-read  a  scholar  as 
Professor  Craik  needs  no  other  recommendation  than  the  mention  of  its  existence." — 
Spectator. 

"  This  augmented  elfort' will  bci'-we  -ttotfbt  ntit.'-received  with  decided  -approbation 


by  those  who  are  entitled  to  judge,  and  studied  with  much  profit  by  those  who  want  to 
fleam. ....  .If  our<young  readers  will , give  healthy  perusaf:to  Dr.Craik's  work,  they 

H£i!l  greatly  benefit  bythe  wide  and  -sound  wiews  he  has  placed  -^before  them."™- 


CRUTTWELL     (Charles     Thomas,    M.A.)  :     A 

HANDBOOK  OF  SPECIMENS  OF  LATIN  AUTHORS  (Prose- 
Writers  and  Poets)  from 'the  .Earliest  Period  to  the  Latest,  chronologi- 
cally arranged.     Crown  8vo.     {In  Preparation). 
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CRUTTWELL  (Charles  Thomas,  M.A.,   Fellow 

of  Merton  College,  Oxford ;  Head  Master  of  Bradfield  College) : 

A  HISTORY  OF  ROMAN  LITERATURE,  from  the  Earliest 
Period  to  the  Times  of  the  Antonines.  With  Chronological  Tables 
and  Test-Questions,  for  the  Use  of  Students  preparing  for  Examina- 
tions.    Crown  8vo.,  Cloth,  8/6.     Second  Edition. 

"  Mr.  Cruttwell  has  done  a  real  service  to  all  Students  of  the  Latin  Language 
and  Literature.    .    .    .    Full  of  good  scholarship  and  good  criticism." — Atheneeum, 

"  A  most  serviceable — indeed,  indispensable — guide  tor  the-Student.     .    .  The 

'  general  reader'  will  be  both  charmed  and  instructed."— Sat urday  Review. 

"The  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  suc- 
ceeded;   There  is  not  a  dullipage-in  the  volume."—  Academy. 

"  The  great  merit  of  the  work  is  its  fulness  and  accuracy." — Guardian. 

"  This  elaborate-awd  very  careful  work  ...  in  every'  respect  of  high  merit. 
Nothing  at -all, equal  to*t  has  hitherto  been  published  in  England."— British  Quarterly 
Review. 


CURRIE  (Joseph,  formerly  Head  Classical  Master 

of  Glasgow  Academyl : 

HORATII  OPERA.  Text  from  Orellius.  English  Notes,  original, 
and  selected  from  the  best  Commentators.  Illustrations  from  the  an- 
tique.   Complete  in  One  Volume,, fcap.  8vo.,  cloth,  5/- 

Or,  in  Two  Parts : 

Parti.     Carmina 3/- 

Part  II.  Satires  and  Epistles  . .     3/- 

"  The  notes  are  excellent  and  exhaustive."— Quarterly  Journal  0/  Education. 

CURRIE    (Joseph)  :      EXTRACTS     FROM 

C/ESAR'S  COMMENTARIES;  containing  his  description  of  Gaul, 
Britain  and  Germany.  With  Notes,  Vocabulary,  &c.  Adapted  for 
Young  Scholars.     i8mo.     Cloth,  1/6.    Fourth  Edition. 

D'ORSEY  (Rev.  Alex. }.  D.,  B.D.,  of  Corpus  Christi 

Coll.,  Cambridge,  Lecturer  at  King's  Coll.,  London) : 

SPELLING  BY  DICTATION  :  Progressive  Exercises  in  English 
Orthography,  for  Schools  and  Civil  Service  Examinations.  i8mo. 
Cloth,  1/-     Fifteenth  Thousand. 

FLEMING     (William,    D.D.,    late    Professor    of 

Moral  Philosophy  in  the  University  of  Glasgow) : 

THE  VOCABULARY  OF  PHILOSOPHY?  Mental,.  Moral, 
and  Metaphysical.  With  Quotations  and  References  for  the  Use  of 
Students.  Revised  andEdited  by  Henry  Caldekwood,,  LLJ).,  Pro- 
fessor of  Moral  Philosophy  in  the  University  of  Edinburgh.  Crown 
8vo.     Cloth  bevelled,  10/6.     Third  Edition,   enlarged: 

"An  admirable  book.  .  .  .  In  its  present  shape  will  be  welcome,  not.  only  to 
Students,  but  to  many  who  have  long  since  passed  out  of  the  class-  of  Students, 
popularly  so  calle  1."— Scotsman.  . 

"The  additions  ')y  the  Editor  bear  in  their  clear,  concise,  vigorous  expression  the 
stamp  of  his  powerful  intellect,  and  thorough  command  of  <  our  languages  More  than 
ever  the  work  is  now  likely  to  havera  prolonged  and  useful  existence,  and'to  facili- 
tate theTesearches  of  those  entering  upon  philosophic  Studies."—  Wciktjt  Review. 

"A  valuable  addition  to  a  Student's  Library."—  Tablet. 
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McBURNEY  (Isaiah,  LL.D.)  :    EXTRACTS 

FROM  OVID'S  METAMORPHOSES.  With  Notes,  Vocabulary,  &c. 
Adapted  for  Young  Scholars.     i8mo.     Cloth,  1/6.     Third  Edition. 

COBB  IN' S    MANGNALL: 

MANGNALL'S  HISTORICAL  AND  MISCEL- 
LANEOUS QUESTIONS,  for  the  Use  of  Young  People.  By  Richmal 
M  angnall.  Greatly  enlarged  and  corrected,  and  continued  to  the  pre- 
sent time.  By  Ingram  Cobbin,  M.A.  i2mo.  Cloth  4/-  Forty-eighth 
Thousand.     New  Illustrated  Edition. 

MENTAL     SCIENCE:      SAMUEL    TAYLOR 

COLERIDGE'S  CELEBRATED  ESSAY  ON  METHOD;  Arch- 
bishop Whately's  Treatises  on  Logic  and  Rhetoric.  Crown  8vo. 
Cloth,  5/-     Tenth  Edition. 


WORKS     BY    WILLIAM     RAMSAY,     M.A., 

Trinity  College,  Cambridge,  late  Professor  of  Humanity  in  the  University  of  Glasgow. 

A    MANUAL     OF     ROMAN    ANTIQUITIES. 

For  the  use  of  Advanced  Students.  With  Map,  130  Engravings, 
and  very  copious  Index.  Revised  and  enlarged,  with  an  additional 
Chapter  on  Roman  Agriculture.  Crown  8vo.  Cloth,  8/6.  Tenth  Edi- 
tion. 

GENERAL    CONTENTS. 
I. — The  Typography  of  Rome. 
II. — The  Origin  of  the  Roman  People ;  their  Political  and  Social 

Organization ;  Religion ;  Kalendar ;  and  Private  Life. 
III. — General  Principles  of  the  Roman  Constitution;  the  Rights  of 
Different  Classes;  the  Roman  Law  and  Administration  of  Justice. 
IV. — The  Comitia ;  Magistrates ;  the  Senate. 
V. — Military  and  Naval  Affairs;  Revenues;  Weights  and  Measures ; 

Coins,  &c. 
VI. — Public  Lands ;  Agrarian  Laws ;  Agriculture,  &c. 

"  Comprises  al!  the  results  of  modern  improved  scholarship  within  a  moderate 
compass.  — AthencEttm. 

RAMSAY     (Prof.)  :     AN     ELEMENTARY 

MANUAL  OF  ROMAN  ANTIQUITIES.  Adapted  for  Junior 
Classes.  With  numerous  Illustrations.  Crown  8vo.  Cloth,  4/-  Sixth 
Edition. 

RAMSAY    (Prof.):    A   MANUAL    OF    LATIN 

PROSODY.  Illustrated  by  Copious  Examples  and  Critical  Remarks. 
For  the  use  of  Advanced  Students.  Revised  and  greatly  enlarged. 
Crown  8vo.     Cloth,  5/-     Sixth  Edition. 

"  There  is  no  other  work  on  the  subject  worthy  to  compete  with  it." — Athenccum. 

RAMSAY     (Prof.)   :      AN     ELEMENTARY 

MANUAL  OF  LATIN  PROSODY.  Adapted  for  Junior  Classes. 
Crown  8vo.     Cloth,  2/- 
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THE    SCHOOL    BOARD    READERS: 

A  New  Series  of  Standard  Reading  Books. 
Edited  by  a  former  H.M.  INSPECTOR  of  SCHOOLS. 

Recommended  by  the  London  School  Board. 

And  adopted  by  many  School  Boards  throughout  the  Country. 

*#*   AGGREGATE    SALE,    igO.OOO    COPIES. 


0    4 


Elementary  Reading  Book,  Part  I. — Containing  Lessons   s. 
in  all  the  Short  Vowel  Sounds.     Demy  i8mo.,  16  pages. 
In  stiff  wrapper o 

Elementary  Reading  Book,  Part  II.— Containing  the 
Long  Vowel  Sounds  and  other  Monosyllables.  Demy 
i8mo,  48  pages.    In  stiff  wrapper o 

Standard  I.— Containing  Reading,  Dictation,  and  Arith- 
metic.    Demy  i8mo,  g6  pages.     Neat  cloth  . 

Standard  II. — Containing  Reading,  Dictation  and  Arith- 
metic.    Demy  i8mo,  128  pages.     Neat  cloth         .        .06 

Standard  III. — Containing  Reading,  Dictation  and  Arith- 
metic.    Fcap.  8vo,  160  pages.     Neat  cloth    .        .        .09 

Standard  IV. — Containing  Reading,  Dictation  and  Arith- 
metic.    Fcap.  8vo,  192  pages.     Neat  cloth    .        .        .10 

Standard  V. — Containing  Reading,  Dictation  and  Arith- 
metic, with  an  Explanation  of  the  Metric  System  and 
numerous  Examples.  Crown  8vo,  256  pages.  Neat 
cloth 16 

Standard  VI. — Containing  Selections  from  the  best  English 
Authors,  chronologically  arranged  (Chaucer  to  Ten- 
nyson), Hints  on  Composition,  and  Lessons  on  Scien- 
tific Subjects.    Crown  8vo,  320  pages.     Neat  cloth       .    2    o 

Key  to  the  Questions  in  Arithmetic,  in  two  parts,  each    o    6 

"  The  general  conception  is  sound,  and  the  execution  praiseworthy.    The  selections 

seem,  on  the  whole,  happily  and  judiciously  made In  the  sixth  and  last  volume 

we  have  an  excellent  chronological  selection  from  our  English  classics By  the 

time  the  scholar  has  mastered  the  Series,  he  ought  to  have  a  fairly  suggestive  know- 
ledge of  English  literature.  The  treatise  on  composition  is  brief,  but  satisfactory; 
and  the  books  generally  are  very  much  what  we  should  desire." — Times. 

"  The  Series  is  decidedly  one  of  the  best  that  have  yet  appeared." — A  thenaum. 

"  There  are  no  better  reading-books  published.     The  advanced  books  are  gems. 
The  Series  reflects  great  credit  on  both  editor  and  publisher." — Educational  Reporter. 

"  The  Series  has  been  very  carefully  and  judiciously  prepared."—  Examiner. 

"  The  choice  of  matter  is  excellent,  and  so  are  the  method  and  style.    We  begin 
with  wholesome  stories,  poems,  and  lessons  on  natural  history,  brightened  with  wood- 
cuts ;  and  we  go  on  to  matters  of  general  information  and  useful  knowledge  in  a  very 
attractive  shape,  till  we  arrive  at  a  point  which  ought  to  turn  the  pupil  out  into  the 
world  a  good  reader,  a  lover  of  good  reading,  and  an  intelligent  member  of  society." — 
Schtol  Board  Chronicle. 
%*  Bach  book  of  this  Series  contains  within  itself  all  that  is  necessary  to 
fulfil  the  requirements  of  the  Revised  Code,  viz. :  Reading,  Spelling  and 
Dictation  Lessons,  together   with   Exercises  in  Arithmetic,  for  the  whole 
year.     The  paper,  type  and  binding  are  all  that  can  be  desired. 
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THE    SCHOOL  BOARD    MANUALS: 

(On  the  Specific  Subjects  of  the  Revised  Code). 

By  a  former  H.KT.  INSPECTOR  OF  SCHOOLS. 

Editor  of  the  "  School  Board  Readers." 

Recommended   by   the   London    School.  Board,   and   used   in   many 
Schools  throughout  the  Country. 

Price  6d.  each  in  stiff  wrapper ;  cloth  neat.  ■jd. 

I.  ALGEBRA. — In  this  book,  which  is.adapted  to  Standards  IV., 
V.  and  VI.,  everything  is  explained'  (in  accordance  with  the 
Pestalozzian' system)  upon  first  principles,  and  the  examples 
are,  as  far  as  possible,  taken  from  concrete  numbers.  Abun- 
dance of  examples  are  given,  graduated  by  easy  stages. 

II.  ENGLISH  HISTORY.— This  book  is  exactly  suited  to  the 
requirements  of  the  Code  for  Standards  IV.,  V.  and  VI.  the 
chief  events  of  importance  being  given  in  detail,  and  the  general 
landmarks  of  history  inbrief.     Copious  Tables-  are  added. 

III.  GEOGRAPHY. — Contains  all  that  is  necessary  for.  passing  in 
Standards  IV,  V.  andVI. 

IV.  PHYSICAL  GEOGRAPHY.— Contents- :.Eigure  of  the  Earth 
— Mountain  Systems — Ocean  Currents — Atmospheric  Phe- 
nomena— Trade  Winds — Distribution  of-  Plants,  Animals,  and 
Races  of  Men,  &c. 

V.  ANIMAL  PHYSIOLOGY.— Contents:  Classification  of  Ani- 
mals— the  Human  Skeleton — Bones,  Muscles,  Skin,  Hair,  and 
Nails — Digestion,  Circulation^Respiration,  Secretion,  and  Nu- 
trition— the  Nervous  System*— the  Senses.  Illustrated  by  good 
Engravings. 

VI.  BIBLE  HISTORY.— Contents:  Names,  Divisions,  and  His- 
tory of  the  Bible — Analysis  of  the  Old'an&New  Testaments — 
Geography  of  Palestine — Tables  of  Measures,  &c. 

*„*  It  is  hoped1  that  this'  book  will  prove*  serviceable  in  the 
stitdyof  the  Scriptures.  ASH  controversial  points  have  been  care- 
fully avoided, 

"These  simple  and  well-graduated  Manuals)  adapted  to.  the;  requirements  of  the 

New  Code,  are  the.  most-,  elementary,  of  elementary  Works,  and  -  extremely?  cheap 

They  are  more  useful,  as  practical!  guide-books;-, than  most;  of  the  more  expensive 
works." — Standard. 

"The-Series  will.prove*a  very  reliable.and'substantial  aid.'to.  theiteacher.  .  .  . 
The  whole  of  the  Manuals  hear  plain  evidence  of  having,  been  prepared  by. , those 
thoroughly  conversant  practically,  with ,  the  work  of  teaching,  and  of  'having.been  re- 
vised- by  one  ableto  judge  of  the.  effect  of"  book-teaching .  by  the  crucial  test  ot  its 
results.  In  the  Bible  History,  ManualaH'controversialpoints  have  been  avoided, 
and,  as  a  ground-work  and  help  to- the  study  of  the  Scriptures,  it  is  to  be  warmly 
commended." — Western  Daily  Mercury. 

*,*  Specimen  copies  supplied  to  Teachers  at  Half,  the.  Published  Price  and 
Postage.  A  Complete  Set  of  Readers  and  Manualsob.  receipt  of.  P.O.O. 
for  6s.  id. 
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SENIOR    (Nassau  William,  M.A.,  late  Professor 

of  Political  Economy  in  the  University  of  Oxford) : 

A  TREATISE  ON  POLITICAL  ECONOMY;  the:Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distribution  of  Wealth. 
Crown  8vo.    Cloth,  4/-    Sixth  Edition.    {Encyclopaedia  Metropolitana) 

THOMSON   (James)  ■:    THE  SEASONS.     With 

an  Introduction  and  Notes  by  "Robert  Bell,  Editor  of  the  "Annotated 
Series  dfBritish  Poets."     Foolscap  8vo.    Cloth,  1/6.     Third  Edition. 
"  An  admirable  introduction  to. the  study  of  our  English  classics." 

WHATELY  (Archbishop)  :   A   TREATISE   ON 

LOGIC.  With  Synopsis  and  Index.  Crown  8vo.  Cloth,  3/-  The 
Original. Edition.     (Encyclopedia  Metropolitana). 

WHATELY   (Archbishop):  A  TREATISE   ON 

RHETORIC.  With  Synopsis  and  Index.  Crown  Svo.  Cloth,  3/6. 
The  Original  Edition.     (Encyclopedia  Metropolitana). 

WYLDE  (James) :  A  MANUAL  .OF  MATHE- 

MATICS,  Pure  and  Applied.  Including  Arithmetic,  Algebra,  Geo- 
metry, Trigonometry  (Plane  and  Spherical),  Logarithms,  Mensuration, 
&c.     Super-royal  8vo.     Cloth,  10/6. 


*„*  Specimen  Copies  of  all  the  Educational  Works  pii&lisked  by  Messrs. 
Charles  Griffin  and  Company  may  be  seen  at  the  tLibnaries  of  the 
College  of  Preceptors,  Smith  Kensington  Museum,  and  Crystal  Palace  ; 
also  at  the  depots  of  the  chief  Educational  Societies. 
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Works  in  General  Literature. 


BELL  (Robert,  Editor  of  the  "Annotated  Series  of 

British  Poets.")  : 

GOLDEN  LEAVES  FROM  THE  WORKS  OF  THE  POETS 
AND  PAINTERS.  Illustrated  by  Sixty-four  superb  Engravings  on 
Steel,  after  Paintings  by  David  Roberts,  Stanfif.ld,  Leslie,  Stot- 
hahd,  Haydon,  Cattermole,  Nasmyth,  Sir  Thomas  Lawrence,  and 
many  others,  and  engraved  in  the  first  style  of  Art  by  Finden,  Great- 
bach,  Lightfoot,  &c.  4to.  Cloth  gilt,  21/-  ;  unique  walnut  binding, 
30/- ;  morocco  antique,  35/-     Second  Edition. 

"'  Golden  Leaves'  is  by  far  the  most  important  book  of  the  season.  The  illustra- 
tions are  really  works  of  art,  and  the  volume  does  credit  to  the  arts  of  England." — 
Saturday  Review. 

"  The  Poems  are  selected  with  taste  and  judgment." — Times. 

"  The  engravings  are  from  drawings  by  Stothard,  Newton,  Danby,  Leslie,  and 
Turner,  and  it  is  needless  to  say  how  charming  are  many  of  the  above  here  given." — 
Athenaum. 

CHRISTISON  (John):  A  COMPLETE  SYS- 
TEM OF  INTEREST  TABLES  at  3,  4,  4J  and  5  per  Cent. ;  Tables 
of  Exchange  or  Commission,  Profit  and  Loss,  Discount,  Clothiers', 
Malt,  Spirit  and  various  other  useful  Tables.  To  which  is  prefixed  the 
Mercantile  Ready  Reckoner,  containing  Reckoning  Tables  from  one 
thirty-second  part  of  a  penny  to  one  pound.  Greatly  enlarged.  i2mo. 
Bound  in  leather,  4/6.    New  Edition. 


THE     WORKS     OF     WILLIAM     COBBETT. 

THE  ONLY  AUTHORIZED  EDITIONS. 

COBBETT    (William):    ADVICE  TO   YOUNG 

MEN  and  (incidentally)  to  Young  Women,  in  the  Middle  and  Higher 
Hanks  of  Life.  In  a  series  of  Letters  addressed  to  a  Youth,  a  Bachelor, 
a  Lover,  a  Husband,  a  Father,  a  Citizen,  and  a  Subject.  Fcap.  8vo. 
Cloth,  2/6.     New  Edition.     With  admirable  Portrait  on'Steel. 

"  Cobbett's  great  qualities  were  immense  vigour,'  resource,  energy,  and  courage, 
,  joined  to  a  force  of  understanding,  a  degree  of  logical  power,  and  above  all  a  force  of 

expression,  which  have   rarely   been  equalled He  was  the  most  English  of 

Englishmen," — Saturday  Review. 

"  With  all  its  faults,  Cobbett's  style  is  a  continual  refreshment  to  the  lover  of 

*  English  undefined."'— Pall  Mall  Gazette. 

COBBETT  (William):  COTTAGE  ECONOMY. 

Containing  information  relative  to  the  Brewing  of  Beer,  Making  of 
Bread,  Keeping  of  Cows,  Pigs,  Bees,  Poultry,  &c. ;  and  relative  to  other 
matters  deemed  useful  in  conducting  the  affairs  of  a  Poor  Man's  Family. 
New  Edition,  Revised  by  the  Author's  Son.  Fcap.  8vo.  Cloth,  2/6. 
Eighteenth  Edition. 
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William  Cobbett's  Works— {continued). 

COBBETT  (Wm.)  :   EDUCATIONAL  WORKS. 

(See  page  19). 

COBBETT  (Wm):  A  LEGACY  to  LABOURERS; 

An  Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land. 
With  a  Preface  by  the  Author's  Son,  John  M.  Cobbett,  late  M.P 
for  Oldham.    Fcap.  8vo.     Cloth,  1/6.    New  Edition. 

"  The  book  cannot  be  too  much  studied  just  now." — Nonconformist. 

"  Cobbett  was,  perhaps,  the  ablest  Political  writer  England  ever  produced,  and  his 

influence  as  a  Liberal  thinker  is  felt  to  this  day. It  is  a  real  treat  to  read  his 

strong,  racy  language."— Public  Opinion. 

COBBETT  (Wm.)  :  A  LEGACY  to  PARSONS ; 

Or,  Have  the  Clergy  of  the  Established  Church  an  Equitable  Right  to 
Tithes  and  Church  Property  ?     Fcap.  8vo.     Cloth,  1/6.    New  Edition. 

'*The  most  powerful  work  of  the  greatest  master  of  political  controversy  this 
country  has  ever  produced."— Pall  Mall  Gazette. 


COBBETT   (Miss   Anne):    THE   ENGLISH 

HOUSEKEEPER;  Or,  Manual  of  Domestic  Management.  Containing 
Advice  on  the  Conduct  of  Household  Affairs,  and  Practical  Instructions, 
intended  for  the  Use  of  Young  Ladies  who  undertake  the  superin- 
tendence of  their  own  Housekeeping.    Fcap.  8vo.     Cloth,  3/6. 

COOK'S    VOYAGES.        VOYAGES    ROUND 

THE  WORLD,  by  Captain  Cook.  Illustrated  with  Maps  and  numer- 
ous Engravings.    Two  vols.    Super-royal  8vo.    Cloth,  30/- 

DALGAIRNS   (Mrs.):    THE    PRACTICE    OF 

COOKERY,  adapted  to  the  business  of  Every-day  Life.  By  Mrs. 
Dalgairns.  The  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes 
have  been  added  to  the  present  Edition,  but  only  such  as  the  Author 
has  had  adequate  means  of  ascertaining  to  be  valuable.  Fcap.  8vo. 
Cloth,  3/6.    Sixteenth  Edition. 

"  This  is  by  far  the  most  complete  and  truly  practical  work  which  has  yet  appeared 
on  the  subject.  It  will  be  found  an  infallible  '  Cook's  Companion,'  and  a  treasure  of 
great  price  to  the  mistress  of  a  family."— Edinburgh  Literary  Journal. 

"  We  consider  we  have  reason  strongly  to  recommend  Mrs.  Dalgairns'  as  an 
economical,  useful,  and  practical  system  of  cookery,  adapted  to  the  wants  of  all 
families,  from  the  tradesman  to  the  country  gentleman."— Spectator. 
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D'AUBIGNE  (Dr.  Merle)  :  HISTORY  OF  THE 

REFORMATION.  With  the  Author's  latest  additions  and  a  new 
Preface.  Many  Woodcuts,  and  Twelve  Engravings  on  Steel,  illustrative 
of  the  Life  of  Martin  Luther,  after  Labouchere.  Inp  one  large 
volume,  demy  4to.     Elegantly  bound  in  cloth,  21/- 

"  In  this  edition  the  principal  actors  and  scenes  in  the  great  drama  of  the  Sixteenth 
Century  are  brought  vividly  before  the  eye  of  the  reader,  by  the  skill  of  the  artist  and 
engraver." 

DONALDSON  (Joseph,  Sergeant  in  the  94th  Scots 

Regiment) : 

RECOLLECTIONS  OF  THE  EVENTFUL  LIFE  OF  A 
SOLDIER  IN.  THE  PENINSULA*  Fcap.  8vo.  Cloth^  3/6 ;  gilt 
sides  and  edges,  4/-    New  Edition. 

EARTH    DELINEATED    WITH    PEN  AND 

PENCIL  (Tfie) :  an  Illustrated  Record  of  Voyages,  Travels,  and  Ad- 
ventures all  round  the  World.  Illustrated  with  more  than  Two  Hun- 
dred Engravings  in  the  first  style  of  Art,  by  the  most  eminent  Artists, 
including  several  from  the  master  pencil  of  GusTave  DoRfe.  Demy 
4to,  750  pages.    Very  handsomely  bound,  21/- 


MRS.     ELLIS'S     CELEBRATED     WORKS 

On  the-lNFLUENCE  and  Character  of  Women. 

THE  ENGLISHWOMAN'S  LIBRARY: 

A  Series  of  Moral  and  Descriptive  Works.     By  Mrs.  Ellis.     Small 
8vo.,  cloth,  each  volume,  2/6  ;  with  gilt  backs  and  edges,  3/- 

1.— THE  WOMEN  OF  ENGLAND:  Their  Social  Duties  and 
Domestic  Habits.     Thirty-ninth  Thousand*. 

2.— THE  DAUGHTERS  OF  ENGLAND  :  Their  Position  in 
Society,  Character,  and  Responsibilities.    Twentieth  Thousand. 

3.^THE  WIVES  OF  ENGLAND:  Their  Relative  Duties, 
Domestic  Influence,  and  Social  Obligations.  Eighteenth  Thou- 
sand. 

4.— THE  MOTHERS  OF  ENGLAND  :  Their  Influence  and'  Re- 
sponsibilities.    Twentieth  Thousand. 

5,— FAMILY  SECRETS  ;  Or,  Hints  to  make  Home-Happy.  Three 
vols.     Twenty-third  Thousand. 

6.— SUMMER  AND  WINTER  IN  THE  PYRENEES.  Tenth 
Thousand. 

7— TEMPER  AND  TEMPERAMENT;  Or,  Varieties  of 
Character.     Two  vols.     Tenth  Thousand. 

8.— PREVENTION  BETTER  THAN  CURE ;  Or,  The  Moral 
Wants  of  the  World  we  live  in.     Twelfth  Thousand. 

9.— HEARTS  AND  HOMES;  Or,  Social  Distinctions.  Three 
vols.    Tenth  Thousand. 
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THE     EMERALD    SERIES     OF 
STANDARD    AUTHORS. 

Illustrated  by  Engravings  on  Steel,  after  .Stothard,  Lesue,  Havid  Ro- 
berts, Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c.  Fcap. 
8vo.     Cloth  gilt. 

***  Particular  attention  is  requested  to  this  very  beautiful  series.  The  delioacy  of 
the  engravings,  the  excellence  of  the  typography,  and  the  quaint  antique  head  and  tail- 
pieces, render  them  the  most  beautiful  volumes  ever  issued  from  the  press  of  this  country 

and  now,  unquestionably,  the  cheapest  of  their  class. 

BURNS'    (Robert)    SONGS   AND    BALLADS. 

With  an  Introduction  on  the    Character  and  Genius  of  Burns.     By 
Thomas  Carlyle.     Carefully  printed  in  antique  type,  and  illustrated 
with  Portrait  and  beautiful  Engravings  on  Steel.     Cloth,  gilt  edges,  3/- 
malachite,  10/6.     Second  Thousand. 

BYRON    (Lord)  :    CHILDE    HAROLD'S   PIL- 

GRIMAGE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steer  by  Greatbach,  Miller,  Lightfoot, 
&c,  from  Paintings  by  Cattermole,  Sir  T.  Lawrence,  H.  Howard, 
and  Stothard.  Beautifully  printed  on  toned  paper.  Cloth,  gilt  edges, 
3/- ;  malachite,  10/6.     Third  Thousand. 

CAMPBELL    (Thomas)  :    THE    PLEASURES 

OF  HOPE.  With  Introductory  Memoir  by  the  Rev.  Charles  Rogers, 
LL.D.,  and  several  Poerr.a  r.ever  before  published.  Illustrated  with 
Portrait  and  Steel  Engravings.  Cloth,  gilt  edges,  3/-;  malachite,  10/6. 
Second  Thousand. 

CHATTERTON'S  (Thos.)  POETICAL  WORKS. 

With  an  Original  Memoir  by  Frederick  Martin,  and  Portrait.  Beau- 
tifully illustrated  on  Steel,  and  elegantly  printed.  Cloth, /gilt  edges, 
3/-;  malachite,  10/6.     Fourth  Thousand. 

GOLDSMITH'S  (Oliver;   POETICAL  WORKS. 

With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with 
Steel  Engravings.,  Printed  on  superior  tonedtpaper.  Cloth,vgilt  edges, 
3/- ;  malachite,  10/6.     New  Edition.     Seventh  Thousand. 

GRAY'S  (Thomas)  POETICAL  WORKS.     With 

Life  by  the  Rev.  John  Mitford,  and  Essay  by  the  Earl  of  Carlisle. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Ele- 
gantly printed  on  toned  paper.  Cloth,  gilt  edges,  5/- ;  malachite,  12/6. 
Eton  Edition,  with  the  Latin  Poems.     Fifth  Thousand. 

HERBERT'S    (George)    POETICAL    WORKS. 

With  Memoir  by  J.  Nichol,  B.A.,Oxon.,  Prof,  of  English  Literature  in 
the  University  of  Glasgow.  Edited  by  Charles  Cowden  Clarke. 
Antique  headings  tosach  page.  Cloth,  gilt  edges,  3/-  malachite,  10/6. 
Second  Thousand. 


3o  CHARLES  GRIFFIN  &•  COMPANY'S 

The  Emerald  Series — {continued). 

KEBLE  (Rev.  John) :  THE  CHRISTIAN  YEAR. 

With  Memoir  by  W.  Temple,  Portrait,  and  Eight  beautiful  Engravings 
on  Steel.   Cloth,  gilt  edges,  5/-;  morocco  elegant,  10/6;  malachite,  12/6. 

POE'S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.  Edited,  with  Memoir,  by  James  Hannay.  Full-page  Illus- 
trations after  Wehnert,  Weir,  &c.  Toned  paper.  Cloth,  gilt  edges, 
3/- ;  malachite,  10/6.     Thirteenth  Thousand. 

Other  Volumes  in  preparation. 


FINDEN'S    FINE    ART  WORKS. 
BEAUTIES    OF    MOORE;    being   a   Series   of 

Portraits  of  his  principal  Female  Characters,  from  Paintings  by  eminent 
Artists,  engraved  in  the  highest  style  of  Art  by  Edward  Finden, 
with  a  Memoir  of  the  Poet,  and  descriptive  letter-press.  Folio.  Cloth 
gilt,  and  gilt  edges,  42/- 

DRAWING-ROOM   TABLE    BOOK    (The)  ;    a 

Series  of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by 
Mrs.  S.  C.  ^all,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and 
gilt  edges,  21/- 

GALLERY  OF  MODERN  ART  (The)  ;  a  Series 

of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by  Mrs. 
S.  C.  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and  gilt 
edges,  21/- 


FISHER'S  READY  RECKONER.     The  best  in 

the  world.     i8mo.    Bound,  1/6.    New  Edition., 

GILMER'S   INTEREST  TABLES  :  Tables  for 

Calculation  of  Interest,  on  any  sum,  for  any  number  of  days,  at  £,  1, 1$, 
2,  2J,  3,  3i,  4,  4i,  5  and  6  per  Cent.  By  Robert  Gilmer.  Corrected 
and  enlarged.     i2mo.    Roan  lettered,  5/-    Sixth  Edition. 

GOLDSMITH'S  (Oliver)  COMPLETE  POET- 

ICAL  WORKS.  With  a  Memoir  by  William  Spalding,  A.M.,  Pro- 
fessor of  Logic  and  Rhetoric  in  the  University  of  St.  Andrew's.  Portrait 
and  numerous  Illustrations  on  Steel  and  Wood.  Fcap.  4to.  Most 
elaborately  gilt,  cloth,  5/- 
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GRAEME  (Elliott)  :    BEETHOVEN  :    a  Memoir. 

With  Portrait,  Essay  (Quasi  Fantasia)  "  on  the  Hundredth  Anniversary 
of  his  Birth,"  and  Remarks  on  the  Pianoforte  Sonatas,  with  hints  to 
Students.  By  Dr.  Ferdinand  Hiller,  of  Cologne.  Crown  8vo.  Cloth 
gilt,  elegant,  5/-     Second  Edition,  slightly  enlarged, 

"This  elegant  and  interesting  Memoir The  newest,  prettiest,  and  most 

readable  sketch  of  the  immortal  Master  of  Music." — Musical  Standard. 

"  A  gracious  and  pleasant  Memorial  of  the  Centenary." — Spectator. 

"  This  delightful  little  book — concise,  sympathetic,  judicious." — Manchester 
Examiner, 

"  We  can,  without  reservation,  recommend  it  as  the  most  trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England." — Observer. 

"  A  most  readable  volume,  which  ought  to  find  a  place  in  the  library  of  every 
admirer  of  the  great  Tone-Poet." — Edinburgh  Daily  Review. 

GRAEME    (Elliott)  :    A   NOVEL  WITH  TWO 

HEROES.    In  2  vols.,  post  8vo.     Cloth,  21/-    Second  Edition. 

"  A  decided  literary  success." — Athenceum. 

"  Clever  and  amusing above  the  average  even  of  good  novels free 

from  sensationalism,  but  full  of  interest touches  the  deeper  chords  of  life 

delineation  of  character  remarkably  good." — Spectator. 

"  Superior  in  all  respects  to  the  common  run  of  novels." — Daily  News. 

"A  story  of  deep  interest The  dramatic  scenes  are  powerful  almost  to 

painfulness  in  their  intensity."— Scotsman. 

HOGARTH  :  The  Works  of  William  Hogarth,  in 

a  Series  of  One  Hundred  and  Fifty  Steel  Engravings  by  the  First 
Artists,  with  Descriptive  Letterpress  by  the  Rev.  John  Trusler,  and 
Introductory  Essay  on  the  Genius  of  Hogarth,  by  James  Hannay. 
Folio.     Cloth,  gilt  edges,  52/6. 

"  The  Philosopher  who  ever  preached  the  sturdy  English  virtues  which  have  made 
us  what  we  are." 

KNIGHT   (Charles)  :    PICTORIAL  GALLERY 

(The)  OF  THE  USEFUL  AND  FINE  ARTS.  Illustrated  by  nu- 
merous beautiful  Steel  Engravings,  and  nearly  Four  Thousand  Wood- 
cuts.   Two  vols.,  folio.    Cloth  gilt,  and  gilt  edges,  42/- 

KNIGHT    (Charles)  :    PICTORIAL    MUSEUM 

(The)  OF  ANIMATED  NATURE.  Illustrated  with  Four  Thousand 
Woodcuts.    Two  vols.,  folio.     Cloth  gilt,  and  gilt  edges,  35/- 

MACKEY'S  FREEMASONRY  : 

A  LEXICON  OF  FREEMASONRY.  Containing  a  Definition  of 
its  Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Anti- 
quities, and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient 
World.  By  Albert  G.  Mackey,  M.D.,  Secretary-General  of  the 
Supreme  Council  of  the  U.S.,  &c.  Handsomely  bound  in  cloth,  5/- 
Sixth  Edition. 

"Of  Machey's  Lexicon  it  would  be  impossible  to  speak  in  too  high  terms  ;  suffice 
it  to  say,  that  in  our  opinion,  it  ought  to  be  in  the  hands  of  every  Mason  who  would 

thoroughly  understand  and  master  our  noble  Science No  Masonic  Lodge  ui 

Library  should  be  without  a  copy  of  this  most  useful  work."— Masomc  News. 
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HENRY  MAYHEW'S  CELEBRATED  WORK  ON 
THE  STREET-FOLK  OF  LONDON. 

LONDON     LABOUR    AND    THE    LONDON 

POOR :  A  Cyclopaedia  of  the  Condition  and  Earnings  of  those  that 
will  work  and  those  that  cannot  work.  By  Henry  Mayhew.  With 
many  full-page  Illustrations  from  Photographs.  In  three  vols.  Demy  8vo. 
Cloth,  4/6  each. 

"  Every  page  of  the  work  is  full  of  valuable  information,  laid  down  in  so  interesting 
a  manner  that  the  reader  can  never  live"— Illustrated  News. 

""Mr.  Henry' MaJ?hew's  famous  record  of  the  habits,  earnings,  and  sufferings  of 
the  London  poor."— -Lloyd's  Weekly  London  Newspaper. 

"Thisremarkable  book,  in  which  Mr.  Mayhew  gave  the  better  classes  their  first 
real  insight  into  the  habits,  modes  oi  livelihood,  and  current  of  thought  of  the  London 
poor." — The  Patriot. 

The  Extra  Volume. 

LONDON     LABOUR    AND    THE    LONDON 

POOR  :  Those  that  will  not  work.  Comprising  the  Non-workers, 
by  Henry  Mayhew;  Prostitutes,  by  Bracebridce  Hemyng; 
Thieves,  by  John  Binny  ;  Beggars,  by  Andrew  Halliday.  With 
an  Introductory  Essay  on  the  Agencies  at  Present  in  Operation 
in  the  Metropolis  for  the  Suppression  of  Crime  and  Vice,  by  the  Rev. 
William  Tuckniss,  B.A.,  Chaplain  to  the  Society  for  the  Rescue  of 
Young  Women  and  Children.  With  Illustrations  of  Scenes  and  Locali- 
ties.    In  one  large  vol.     Royal  8vo.     Cloth  10/6. 

"  The  work  is  full  of  interesting  matter  for  the  casual  reader,  while  the  philan- 
thropist and  the,  philosopher  will  find  details  of  the  greatest  import." — CitytPress. 

Companion  Volume  to  the  above. 

THE  CRIMINAL  PRISONS  OF  LONDON,  and 

Scenes  of  Prison  Life.  By  Henry  Mayhew  and  John  Binny.  Illus- 
trated by  nearly  two  hundred  Engravings  on  Wood,  principally  from 
Photographs.     In  one  large  vol.     Imperial  8vo.     Cloth,  10/6. 

Conte-nts  : — General  View  of  London,  its  Population,  Size  and 
Contrasts — Professional  London — Criminal  London — Pentonville  Prison 
— The  Hulks  at  Woolwich — Millbank  Prison — The  Middlesex  House  of 
Detention — Coldbath  Fields—  The  Middlesex  House  of  Correction,  Tot- 
hill  Fields — The  Surrey  House  of  Correction,  Wandsworth — Newgate 
— Horsemonger  Lane — Clerkenwell. 

"This  volume  concludes  Mr,  Henry  Mayhew's  account  of  his  -researches  into  the 
crime  and  poverty  df  'London.  The  amount  of  labour  of  one  kind  or  other, 
which  the  whole  series  of  his  publications  represents,  is  something  almost  in- 
calculable."— Literary  Budget. 

***  This  celebrated  Record  of  Investigations  into  the  condition  of  the  Ppor  of  the 
Metropolis,  undertaken  from  philanthropic  motives  by  Mr,  Henry  Mayhew,  first  gave 
the  wealthier  classes  of  England  some  idea  of  the  state  of  Heathenism,  Degradation,  and 
Misery,  in  which  multitudes  of  their  poorer  brethren  languished.  His  revelations  created, 
at  the  time  of  their  appearance,  universal  horror  and  excitement — that  a  nation,  proies- 
sedly  Christian,  should  have' in  its  midst  a  vast  population,  so  sunk  in  ignorance,  vice,  and 
very  hatred  of  Religion,  was  deemed  incredible,  until  further  examination  established  the 
truth  of  the  statements  advanced.  The  result  is  well  known.  The  London  of  Mr.  Mayhew 
will,  happily,  soon  exist  only  in  his  pages.  To  those  who  would  appreciate  the  ettorts 
already  made  among  the  ranks  which  recruit  our  "dangerous"  classes;  and  who  would 
learn  what  yet  remains  to  be  done,  the  work  will  afford  enlightenment, not  unminglea  wiin 
surprise. 
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MILLER   (Thomas,   Author  of  "  Pleasures   of  a 

Country  Life,"  &c.) : 

THE  LANGUAGE  OF  FLOWERS.  With  Eight  beautifully-col- 
oured Floral  Plates.  Fcap.  8vo.  Cloth,  gilt  edges,  3/6.  Fourteenth 
Thousand. 

"  A  book 
In  which  thou  wilt  find  many  a  lovely  saying 
About  the  leaves  and.  flowers." — Heats. 

MILLER    (Thomas)  :    THE   LANGUAGE   OF 

FLOWERS.  Abridged  from  the  larger  work  by  Thomas  Miller. 
With  Coloured  Frontispiece..    Limp  cloth,  6d.    Cheap,  Edition. 

POE'S   (Edgar  Allan)   COMPLETE  POETICAL 

WORKS.  Edited,  with  Memoir)  by  James  Hannay.  Full-page  Illus- 
trations after  Wehnert,  Weir,  and  others.  In  paper  wrapper, 
Illustrated,  1/6. 


SHAKSPEARE  :  THE  FAMILY.    The  Dramatic 

Works  of  WILLIAM  SHAKSPEARE,  edited  and  expressly  adapted 
for  Home  and  School  Use.  By  Thomas  Bowdlbr,  F.R.S.  With 
Twelve  beautiful  Illustrations  on,.Steel.  Crown  8vo.  Cloth  gilt,  xo/6  ; 
Morocco  antique,  17/6.     New  Edition. 

*#*  This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use ;  while  objection-able  phrases  have  been  expurgated,  no  rash 
liberties  have  been  taken  with  thetext* 

"It  is  quite  undeniable  that, there  are  many  passages  in  Shakspeare  which  a 
father  could  not  read  aloud  to  his'cHiUdren— a  brother  to  His  sister — or  a  gentleman  to 
a  lady ;  and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness, 

and  even  distress,  that  arises  from  suddenly  stumbling  upon  such  expressions 

Those  who  recoilect  such  scenes  must  all  rejoice  that  Mr.  Bowdler  has  provided  a 

security  against  their  recurrence This  purification  has  been  accomplished  with 

surprisingly  little  loss,  either  of  weight  or  value  ;  the  base  alloy  in  the  pure  metal  of 

Shakspeare  has  been  found  to  amount  to  an  inconceivably  small  proportion 

It  has  in  general  been  found  easy  to  extirpate  the  offensive  expressions  of  our  great 
poet  without  any  injury  to'the  context,  or  any  visible  scar  or  blank  irr the  composition! 
They  turn  out  to  be  not  so  much  cankers  in  the  flowers,  as  weeds  that  have  sprung 
up  by  their  side— not  flaws  in  the  metal,  but  impurities  that  have  gathered  on  its 
surface — and,  so  far  from  being  missed  on  their  removal,  the  work 'generally  appears 
more  natural  and  harmonious  without  them." — Lord  Jeffrey  in  the  Edinburgh 
Review. 

SIIAKSPEARE'S   DRAMATIC  &   POETICAL 

WORKS.  Revised  from  the  Oiiginal  Editions,  with  a  Memoir  and 
Essay  on  his  Genius  by  Barry  Cornwall.  Also  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  Horne  and  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  Full-page  Steel 
Engravings,  by  Kenny  Meadows.  Three  vols.,  super-royal  8vo.  Cloth 
gilt,  42/'    Tenth  Edition. 

SHAKSPEARE'S   WORKS.     Edited  by  T.   0. 

Halliwell,  F.R.S.,  F.S.A.  With  Historical  Introductions;  Notes 
Explanatory  and  Critical,  and  a  series  of  Portraits  on  Steel.  Three 
vols.,  royal  8vo.     Cloth  gilt,  50/- 
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THE    STANDARD    DICTIONARY    OF 
QUOTATIONS. 

SOUTHGATE  (Henry)  :    MANY  THOUGHTS 

OF  MANY  MINDS  :  being  a  Treasury  of  Reference,  consisting  of 
,  Selections  from  the  Writings  of  the  most  celebrated  Authors,  compiled 
and  analytically  arranged  by  Henry  Southgate.  Toned  paper,  square 
8vo.  Cloth  gilt,  elegant,  12/6  ;  Library  Edition,  half  Roxburgh,  14/- ; 
morocco  antique,  21/-     Twenty-eighth  Edition. 

"  The  produce  of  years  of  research." — Examiner. 

"  Destined  to  take  a  high  place  among  books  of  this  class." — Notes  and  Queries. 

"  A  treasure  to  every  reader  who  may  be  fortunate  enough  to  possess  it.'  — English 
Journal  of  Education. 

"  The  accumulation  of  treasures  truly  wonderful." — Morning  Herald. 

1  This  is  a  wondrous  book." — Daily  News. 

"  Worth  its  weight  in  gold  to  literary  men."— Builder. 

SOUTHGATE  (Henry) :    MANY  THOUGHTS 

OF  MANY  MINDS.  Second  Series.  Square  8vo,  toned  paper. 
Cloth  gilt,  elegant,  12/6;  Library  Edition,  half  Roxburgh,  14/-;  mo- 
rocco antique,  21/-     Fifth  Edition. 

"  We  are  not  surprised  that  a  Second  Series  of  this  work  should  have  been  called 
for.  Preachers  and  Public  Speakers  will  find  that  it  has  special  uses  for  them."— 
Edinburgh  Daily  Review. 

"  Fully  sustains  the  deserved  reputation  of  the  First  Series." — John  Bull. 


THE     SHILLING     MANUALS. 

By  JOHN  TIMBS,  F.S.A., 
Author  of  "  The  Curiosities  of  London,"  &c. 

A  Series  of  Hand-Books,  containing  Facts  and  Anecdotes  interesting 
to  all  Readers.     Fcap.  8vo.     Neat  cloth,  one  shilling  each.     Second 
Edition. 
I.— CHARACTERISTICS    OF   EMINENT    MEN.  '  By  John    Timbs. 
Bound  in  neat  cloth,  price  1/- 

"  It  is  impossible  to  dip  into  this  booklet  without  finding  something  that  is  new  or 
that  will  bear  repeating."— Sheffield  Daily  Telegraph. 
XL— CURIOSITIES    OF    ANIMAL    AND    VEGETABLE    LIFE.     By 
John  Timbs.    Neat  cloth,  price  1/- 

"  Has  the  charm  of  freshness,  besides  containing  much  curious  information." — 
Sheffield  Telegraph. 
III.— ODDITIES    OF   HISTORY    AND   STRANGE    STORIES    FOR 
ALL    CLASSES.      Selected  and  compiled  by  John  Timbs.      Neat 
cloth,  price  1/- 

"  The  reader  is  presented  with  many  curious  tit-bits  of  history,  instructive  and 

valuable    in    themselves an    interesting    companion    for    spare    minutes." — 

Edinburgh  Daily  Review. 
IV.— ONE   THOUSAND    DOMESTIC    HINTS  on  the  Choice  of  Pro- 
visions, Cookery  and  Housekeeping ;  New  Inventions  and    Improve- 
ments,   and  various  branches  of  Household  Management.    Written 
and  compiled  by  John  Timbs.     Neat  cloth,  price  1/- 

"  No  money  is  better  SDent  than  what  is  laid  out  for  domestic  satisfaction." — Dr. 
Johnson. 
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Timbs's  Manuals — (continued). 

V.— POPULAR     SCIENCE,      Recent    Researches    on  the  San,   Moon, 
Stars,  and  Meteors;    The   Earth;    Phenomena   of  Life,    Sight   and 
Sound;   Inventions  and  Discoveries.   Familiarly  Illustrated.    Written 
and  compiled  by  John  Timbs.    Neat  cloth,  price  i/- 
-"  A  very  useful  little  manual."— Sheffield  Daily  Telegraph. 

"  Will  be  found  abundant  in  much  out  of  the  way  information  on  almost  every 
conceivable  topic,  where  the  popular  mind  is  for  the  most  part  in  error." — Evening 
Standard. 

VI.— THOUGHTS   FOR  TIMES  AND  SEASONS.     Selected  and  com- 
piled by  John  Timbs.     Neat  cloth,  price  i/- 

"  Contains  a  very*  great  amount  and  variety  of  out-of-the-way  extracts  from 
modern  and  old  writings." — Mechanic's  Magazine. 

"  In  a  neat  and  concise  form,  are  brought  together  striking  and  beautiful  passages 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  oi  acknowledged  ability."— Edinburgh  Daily  Review 

Opinions  of  the  Press  on  the  Series. 

"  It  is  difficult  to  determine  which  of  these  volumes  is  the  most  attractive.  WiH 
be  found  equally  enjoyable  on  a  railway  journey,  or  by  the  fireside."— Mining  Journal, 

"  These  additions  to  the  Library,  produced  by  Mr.  Timbs*  industry  and  ability,  are 
useful,  and  in  his  pages  many  a  hint  and  suggestion,  and  many  a  fact  of  importance, 
is  stored  up  that  would  otherwise  have  been  lost  to  the  public."— Builder. 

"  Capital  little  books  of  about  a  hundred  pages  each,  wherein  the  indefatigable 
Author  is  seen  at  his  best."— Mechanics'  Magazine. 

"  Extremely  interesting  volumes."— Evening  Standard. 

"Amusing,  instructive,  and  interesting As  food  for  thought  and  pleasant 

reading,  we  can  heartily  recommend  the  '  Shilling  Manuals.'"— Birmingham  Daily 
(rosette* 


TIMBS    (John,    F.S.A.):   PLEASANT    HALF- 

HOURS  FOR  THE  FAMILY  CIRCLE.  Containing  Popular  Sci- 
ence, Thoughts  for  Times  and  Seasons,  Oddities  of  History,  Charac- 
teristics of  Great  Men,  and  Curiosities  of  Animal  and  Vegetable  Life. 
Fcap.  8vo.     Cloth  gilt,  and  gilt  edges,  5/-    Second  Edition. 

"  Contains  a  wealth  of  useful  reading  of  the  greatest  possible  variety."— Plymouth 
Mercury. 

VOICES  OF  THE  YEAR  (The) ;  Or,  the  Poet's 

Kalendar.  Containing  the  choicest  Pastorals  in  our  Language.  Pro- 
fusely Illustrated  by  the  best  Artists.  In  bevelled  boards,  elaborately 
ornamented  and  gilt,  12/6. 

WANDERINGS     IN     EVERY     CLIME;    Or, 

Voyages,  Travels,  and  Adventures  All  Round  the  World.  Edited  by 
W.  F.  Ainswoeth,  F.R.G.S.,  F.S.A.,  &c,  and  embellished  with  up- 
wards of  Two  Hundred  Illustrations  by  the  first  Artists,  including 
several  from  the  master  pencil  of  Gustave  Dore.  Demy  410,  800 
pages.     Cloth  and  gold,  bevelled  boards,  21/- 


FIRST  SERIES.— TW?*''rv  VTrtvTT?  ^riTTTDN. 
SECOND  SERI 


MANY  THOUGHTS  OF  MANY  MINDS : 

A  Treasury  of  Keference,  consisting  of  Selections  from  the  Writings  of  the  most 
Celebrated  Authors.  FIEST  &  SECOND  SEEIES.  Compiled  &  Analytically  Arranged 

By    HENRY    SOUTHGATE. 

In  Square  8vo.,  elegantly  printed  on  toned  paper. 
Presentation  Edition,  Cloth  and  Gold  ...        12s.  6dL  each  volume. 

Library  Edition,  Half  Bound,  Koxburghe        ...        14a.  „ 

Do.,  Morocco  Antique       21s.  „ 

Each  Series  is  complete  m  itself,  and  sold  separately. 


**  'MANY  Thoughts,"  Sic,  are  evidently  the  pro- 
dace  of  years  of  research.  We  look  up  any  subject 
under  the  sun,  and  are  pretty  sure  to  find  something 
that  has  been  said— generally  well  said— upon  it."— 
Examiner. 

"  Many  beautiful  examples  of  thought  and  style 
are  to  be  found  among  the  selections."— Leader. 

"There  can  be  little  doubt  that  it  is  destined  to 
take  a  high  place  among  books  of  this  class.  "—Notes 
■and  Queries. 

"  A  treasure  to  every  reader  who  may  be  fortunate 
enough  to  possess  it. 

Its  perusal  is  like  inhaling  essences  ;  we  have  the 
cream  only  of  the  great  authors  quoted.  Here  all 
are  seeds  or  gems." — English  Journal  of  Education. 

"Mr.  Southgate's  reading  will  be  found  to  extend 
over  nearly  the  whole  known  field  of  literature, 
ancient  and  modern.  *' — Gentleman's  Magazine. 

"  Here  is  matter  suited  to  all  tastes,  and  illustrative 
of  all  opinions  ;  morals,  politics,  philosophy,  and  solid 
Information.  We  have  no  hesitation  in  pronouncing 
it  one  of  the  most  important  books  of  the  season. 
Credit  is  due  to  the  publishers  for  the  elegance  with 
which  the  work  is  got  up,  and  for  the  extreme 
beauty  and  correctness  of  the  typography."— Morning 
Chronicle. 

"  Of  the  numerous  volumes  of  the  kind,  we  do  not 
remember  having  met  with  one  in  which  the  selection 
was  more  judicious,  or  the  accumulation  of  treasures 
eo  truly  wonderful." — Morning  Herald. 

"Mr.  Southgate  appears  to  have  ransacked  every 
nook  and  corner  for  gems  of  thought."— Allen's  Indian 
Mmt. 

"  The  selection  of  the  extracts  has  been  made  with 
tosto,  judgment,  and  critical  nicety." — Morning  Post. 

"This  is  a  wondrous  book,  and  contains  a  great 
many  gems  of  thought." — Daily  Hews. 

'■  As  a  work  of  reference,  it  will  be  an  acquisition 
to  any  man's  library."— Publisher's  Circular. 

"  This,  volume  contains  more  gems  of  thought,  re- 
fined sentiments,  noble  axioms,  and  extract  able 
sen  tences,  than  have  ever  before  been  brought  together 
iu  our  language.*'-— The  Field. 

"  Will  be  found  to  be  worth  its  weight  in  gold 
by  literary  men."— The  Builder. 

"  All  that  the  poet  has  described  of  the  beautiful  in 
nature  and  art;  all  the  wit  that  has  flashed  from 
pregnant  minds ;  all  the  axioms  of  experience,  the 
collected  wisdom  of  philosopher  and  sage,  art-  garnered 
into  one  heap  of  useful  and  well-arranged  instruction 
*&d  amusement."—  The  Era. 


"  The  mind  of  almost  all  nations  and  ages  of  the 
world  is  recorded  here." — John  Bull. 

"This  is  not  a  law-book;  but,  departing  from  our 
usual  practice,  we  notice  it  because  it  is  likely  to 
be  very  useful  to  lawyers." — Law  Times. 

"The  collection  will  prove  a  mine,  rich  and  inex- 
haustible, to  those  in  search  of  a  quotation."— Art- 
Journal,  t* 

"  There  is  not,  as  we  have  reason  to  know,  a  single 
trashy  sentence  in  this  volume.  Open  where  we  may, 
every  page  is  laden  with  the  wealth  of  profonndest 
thought,  and  all  aglow  with  the  loftiest  inspirations  of 
genius.  To  take  this  book  into  our  hands  is  like  sitting 
down  to  a  grand  conversazione  with  the  greatest 
thinkers  of  aU  ages." — Star. 

"The  work  of  Mr.  Southgate  far  outstrips  all  others 
of  its  kind.  To  the  clergyman,  the  author,  the  artist, 
and  the  essayist,  'Many  Thoughts  of  Many  Minds' 
cannot  fail  to  render  almost  incalculable  service,"— 
Edinburgh  Mercury. 

"We  have  no  hesitation  whatever  In  describing  Mr. 
Southgate's  as  the  very  best  book  of  the  class.  There 
is  positively  nothing  of  the  kind  in  the  language  that 
will  bear  a  moment's  comparison  with  it."— Manchester 
Weekly  Advertiser. 

"There  is  no  mood  in  which  we  can  take  it  up 
without  deriving  from  it  instruction,  consolation,  and 
amusement.  We  heartily  thank  Mr.  Southgate  for  a 
book  which  we  shall  regard  as  one  of  our  best  friends 
and  companions." — Cambridge  Chronicle. 

"  This  work  possesses  the  merit  of  being  a  magni- 
ficent gift-book,  appropriate  to  all  times  and  seasons  ; 
a  book  calculated  to  be  of  use  to  the  scholar,  the 
divine,  or  the  public  man." — Freemason's  Magazine. 

"  It  is  not  so  much  a  book  as  a  library  of  quota- 
tions."— Patriot. 

"  The  quotations  abound  in  that  thought  which  is 
themainspring  of  mental  exercise." — LiverpoolCourier. 

"  For  purposes  of  apposite  quotation,  it  cannot  be 
surpassed."-  Bristol  Times. 

"It  is  impossible  to  pick  out  a  single  passage  in 
the  work  which  does  not,  upon  the  face  of  it,  justify 
its  selection  by  its  intrinsic  merit."—  Dorset  Chronicle. 

**  We  are  not  surprised  that  a  Second  Series  of  this 
work  should  have  been  called  for.  Mr.  Southgate 
has  the  catholic  tastes  desirable  in  a  good  Editor. 
Preachers  and  public  speakers  will  find  that  it  has 
special  uses  for  them." — Edinburgh  Daily  Review. 

"  rhe  Second  Series  fully  sustains  the  deserved 
reputation  of  the  First."— John  Bull. 


London;   CHAELE 


